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1
GENERAL INTRODUCTION

A woman is gently wheeled into a dimly lit intensive care unit. She looks at her tiny baby 

for the first time. He is lying in an incubator, looking fragile and vulnerable, but most of all 

he looks lonely. 

Worldwide, with one in ten babies being born prematurely (< 37 weeks of gestation), 

each year 15 million babies are born too soon 1. This truly is a global health problem with 

12% and 9% of infants being born too soon in low-income and high-income countries  

respectively 2. Both Nigeria and the United States are in the top 10 countries with the highest 

burden of prematurity 2.

The burden of disease due to preterm birth is tremendous. It is a major cause of death and 

a significant cause of long-term loss of human potential amongst survivors. Complications 

of preterm birth are the single largest direct cause of neonatal deaths, responsible for 35% 

of the world’s 3.1 million neonatal deaths a year, and the second most common cause of 

under-5 deaths after pneumonia 2.

Of the survivors, around 80% of infants born at 24 weeks gestational age (GA) and 40% 

of infants born at 28 weeks GA suffers from major disabilities throughout their stay in the 

neonatal intensive care unit (NICU) as shown by a large study in the United States in 2011. 

Major disabilities include necrotizing enterocolitis, infections (early-onset sepsis, late-

onset sepsis, or meningitis), bronchopulmonary dysplasia, severe intracranial hemorrhage, 

periventricular leukomalacia, and severe retinopathy of prematurity 3. The effect of these 

major morbidities can be long lasting and severe when resulting in neurodevelopmental 

impairment later in life 4. This exerts a heavy burden on family, society and the health care 

system 1. The high mortality and risk of life long impairment makes prematurity of birth a 

major contributor to the global burden of disease 2.

Over the last decades however, especially in high-income countries, the quality of care 

offered to preterm infants has improved significantly resulting in increased survival rates 5. 

The current neonatal survival rate in Western Europe is around 90% in very preterm infants 

(< 32 weeks GA) and around 70% in extremely preterm infants (< 28 weeks GA) 6. In 

extremely preterm infants this survival rate was more than ten percent lower (58%) in the 
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same area in the early nineties 7. The incidence of major disabilities has reduced over the 

years as well, although it is still 80% and 40% at 24 and 28 weeks GA respectively, as 

mentioned above 2,3,5. 

In infants born between 29 and 32 weeks GA, the incidence of major morbidities has 

reduced to about 20% 8 and in late preterm infants (32-37 weeks GA) major morbidities 

occur in less than 5% 9,10. However, the majority of all preterm infants including late 

preterm infants suffer from minor morbidities such as asthma, intestinal problems, academic 

underachievement, behavioral problems, and deficits in higher-order neurocognitive 

functions 2,5,11. Late preterm infants are seven times more likely to have newborn morbidity 

than term infants (22% vs 3%) 10. In addition, this population is more at risk for general 

health problems and suboptimal cognitive outcomes in the long term as well 12–14. In fact, 

given their relatively large numbers, babies born at 34 to 37 weeks GA are likely to have the 

greatest impact on public health on a global level 2. 

At 34 weeks GA, all organ and sensory systems are functional. The primary, seemingly 

trivial task of a fetus is to accumulate fat 15. Nonetheless, it appears that even at this stage, 

exposure to unnatural environmental stimuli as a result of a disturbance of the mother-infant 

symbiosis has lasting effects 4,16. While respiratory distress can be treated with surfactant, 

malnutrition with improved feeding routines, and infections with antibiotics, it seems that 

enhancing mother-infant symbiosis could additionally lead to a reduction in the global 

burden of disease due to prematurity. However, in order to be able to enhance mother-infant 

symbiosis, I needed to understand its physiology first. 

To understand the physiology of mother-infant symbiosis, I studied the universal principle 

of mammalian bonding according to biologists and neuroscientists. This principle offered 

opportunities to measure aspects of bonding, and employ strategies aimed at enhancing 

bonding. Strategies specifically included the use of technology due to the unique medical-

technical environment in which this project was performed. In fact, initially the purpose 

of the project was to investigate the feasibility of using smart technological applications to 

enhance bonding in a NICU. Over the course of the project, that initial purpose became 

part of a bigger goal defined as enhancing bonding in a NICU by providing insight into the 

physiology of bonding. 
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1
OUTLINE OF THE THESIS

Part I - What is bonding and how can this be measured in preterm infants?
In chapter 2 I discuss the physiology of bonding as well as potential methods and  

circumstances to measure bonding in preterm infants. In addition to the baseline circumstance 

of parent-infant separation by an incubator, potential circumstances for measuring bonding 

include parent-infant skin-to-skin contact, since that is well known to increase bonding 

based on parental reports 17. Periods of skin-to-skin contact are also referred to as Kangaroo 

care 18. Chapter 3-6 detail clinical studies in which we measure aspects of bonding during 

Kangaroo care versus baseline. In the final part of this thesis, these measurements are used 

to assess whether bonding can be enhanced in our NICU. However, consequences of 

suboptimal bonding are described first.

Part II - Consequences of suboptimal bonding
The impact of suboptimal bonding is reviewed in chapter 7. This review integrates 

information from animal and clinical studies on the adverse hormonal, epigenetic and 

neuronal consequences of suboptimal bonding, because many clinicians do not attribute 

sufficient importance to these consequences despite the fact that they can be reversed 

by interventions aimed at enhancing bonding. Chapter 8 supplements this review by 

investigating how differences in antenatal bonding have postnatal consequences.  

Part III - Enhancing bonding in a neonatal intensive care unit
Chapter 9 is a literature survey on early intervention programs, technologies, devices and 

other strategies aimed at enhancing bonding in NICUs. Worldwide Kangaroo care is the 

most frequently used strategy to enhance bonding, since it is a freely available intervention 

reducing mortality and morbidity (I will address the numerous positive effects of kangarooing 

later) 18. However, interventions or devices are needed for at times when Kangaroo care is 

temporarily not possible. Two such devices, attempting to simulate or support the Kangaroo 

care effect by providing parental stimuli such as heartbeat and scent to preterm infants, were 

investigated in clinical studies that are described in chapter 10 and 11. 

In Chapter 12, the most important findings of the project, its limitations, and future 

perspectives are discussed. This chapter concludes the thesis highlighting how the results 

herein can be used to raise awareness about the importance of bonding, both in clinical 

settings and amongst parents. 
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Part IV - Summaries
This part consists of both an English and a Dutch summary of the thesis.

LIST OF OPERATIONAL DEFINITIONS

This thesis contains several definitions that are often debated in literature and that overlap 

to a certain extent. These definitions and their overlap will be discussed in more detail in 

individual chapters hereafter, especially in Chapter 2 and the first appendix. However, for 

the sake of clarity, this list contains an upfront overview of the most important concepts and 

their meaning in this thesis, starting with the words ‘bonding’ and ‘love’, both used in the 

title of this dissertation. 

Bonding: the process of co-regulation; either consciously or unconsciously (mainly the 

latter) helping other individuals regulate. Since regulation is a synonym for homeostasis 

(maintaining a stable internal environment by physiological processes), bonding in this thesis 

means to help another individual maintain homeostasis. This so far abstract phenomenon 

will be illustrated and clarified throughout the entire dissertation.  

Love: A very special bond, generating positive energy and improving well-being due to 

enhanced regulation. 

Regulation: Maintaining homeostasis, i.e. regulating is attempting to optimally balance the 

energy budget of the body in order to survive. 

Co-regulation: Bonding. Attempting to optimally balance energy budgets together. Note 

that this does not necessarily have to result in improvement, i.e. bonding does not have to 

function adequately.

Cues: Signals expressing an individual’s internal environment. Another individual can sense 

these signals, such as heart rate, temperature, facial expressions, etcetera, and thereby 

read the other’s internal environment. This is essential for helping the other stabilize that 

environment, i.e. for helping the other regulate, i.e. for co-regulation.  
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Interaction: When two individuals have an effect on each other (co-regulation). Even the 

slightest effect is an interaction; even the slightest interaction has an effect.

 

Symbiosis: A very special type of interaction between individuals (thus a special type of 

bond) providing a balance that can only be achieved by working together. 

Attachment: In this thesis, the verb ‘to attach’ may be interpreted as a synonym for the verb 

‘to bond’. However, a formed bond can be loose or transient, whereas to me attachment 

indicates a lasting or important bond between individuals; a tie established due to extensive 

co-regulation. Note that in the attachment theory and other attachment literature, the 

concept of attachment is defined even more explicitly and it often refers specifically to a 

child’s tie to the caregiver – a tie that is necessary in order to survive. 

Attachment styles: Ties (i.e. attachment) can be studied by (for instance) categorizing them 

into different styles using specific experimental settings. Simplified, such styles, e.g. a secure 

or insecure attachment style, can ‘predict’ certain behaviors toward the other(s) in particular 

situations, reflecting the configuration of an attachment. Many of these behaviors are termed 

attachment behaviors because they are intended to draw the other person closer, or to 

affirm or reciprocate the tie. The investigation of attachment styles and attachment behaviors 

in specific experimental settings is an inapplicable method for assessing the nature and 

configuration of a preterm infant’s tie to his or her caregivers. This brings me back to co-

regulation being the definition of bonding in this thesis, which will be explained in more 

detail in the next part, Part I - What is bonding and how can this be measured in preterm 

infants?
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2

INTRODUCTION

The foundation of the current physiologic definition of bonding, co-regulation, was laid 

by Bowlby and Ainsworth with their attachment theory. The developmental history of that 

theory began in the 1930s with Bowlby’s interest in the link between social deprivation 

distress and later personality development. He revolutionized the way of thinking about a 

child’s tie to the mother and the disruption that was caused by separation 1. 

He stated that the crying and clinging behaviors that infants demonstrate to prevent 

being separated from their parents are evolutionary based, and that these behaviors are even 

more important than sucking behaviors when it comes to increasing the chance of survival 
1. Infants need to remain close to their primary caregiver in order to survive, and crying and 

clinging behaviors can more or less force emotional and physical proximity referred to as 

attachment. 

In addition to describing the psychological cause of infant behaviors, Bowlby and 

Ainsworth used those behaviors and parental responses in specific situations such as the 

‘Strange Situation’ to classify attachments 1. For instance, they observed that in threatening 

situations sensitive mothers were likely to display comforting and protecting behavior 1, 

resembling the licking and grooming behavior of rats. Both adequately licked and groomed 

rats, as well as infants from sensitive mothers are more likely to display sociable, exploratory 

behavior compared with infants or pups from less sensitive mothers. According to the 

attachment theory, this is because sensitive mothering frequently leads to infants being 

securely attached, which is one example of a classification within the attachment theory 
1. These attachment classifications and the attachment theory have been, and are still, very 

important to bonding-related research. Especially the Strange Situation test is still a valid 

instrument to identify attachment patterns. However, there has been some constructive 

criticism on the attachment theory. 

The theory is limited with regard to providing objectively measurable study inputs and 

outputs. Observations and measurements of behaviors are open to multiple interpretations, 

family characteristics are complex, and numerous variables can confound study results 2. 

Observations are a very useful tool for clinicians, as they focus mainly on the end of the 

spectrum to diagnose attachment disorders. However, for researchers who are more interested 

in the subtleties of the spectrum, ongoing questions about these observational measures have 

been barriers to large-scale studies 2. Furthermore, even though the attachment theory has 
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partially been based on animal studies, it is a theory restricted to human attachment, which 

is a limitation, since many parallels can be drawn between parental and infant behaviors of 

different species. The most important parallel: Attachment behaviors of all species appear to 

influence homeostasis 3–5. 

This parallel has been incorporated into a universal definition of bonding by psychobiologists 

and neuropsychologists. According to them, bonding is the process of co-regulation: when 

an organism, sometimes consciously but mostly unconsciously, uses his or her capacity to 

support in the regulation of the internal environment of another organism, see Figure 1 6,7. 

In medical terms, regulation is a synonym for homeostasis, so bonding (co-regulation) is 

defined as supporting another organism in maintaining homeostasis. In order to do that, 

to balance not only one’s own, but also another’s internal environment, organisms need to 

be able to read the other’s internal state. Again, this can be a conscious act, but it mostly 

happens unconsciously, as an internally generated neurophysiologic act, enabled by the 

expression of physical parameters. These parameters, such as the heart rate, temperature, 

scent, skin color, voice, facial expressions, etcetera, are also called cues, because they 

can signal (cue) other organisms. Every organism has appropriate sensitivities to pick up 

and respond to cues from other organisms (both consciously and unconsciously) to whom 

bonding could be beneficial for survival 5.

Humans are extremely good at picking up cues and responding to them, due to the 

unique interplay between their large cortex and other brain regions. This interplay has 

resulted in a very complex social system with enormously diverse, intricate bonds 9. It is not 

only the quantity of co-regulation, it is the sensitivity, timing, reliability and (thus) the quality 

of the co-regulation process that reflects the strength of bonding between organisms 10. For 

example, a human being can consciously and / or unconsciously read the internal state of 

someone else and perceive it as stressed. He or she can subsequently ignore this, but also 

act upon this by providing comfort, for instance through touching, talking, feeding or giving 

shelter, which then contributes to the regulation of the internal state of the other person 4, 

as can be seen in Figure 1. 
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FIGURE 1. Bonding process envisioned by a co-regulation cycle (Kommers et al. 8) 
Bonding is enabled by the continuous expression of innumerable cues, such as scent, heartbeat, vocalizations 
or changes in facial expression (top left). Cues are then perceived (top right), which leads to the co-regulation 
of the internal environment of the receiving organism (middle right), resulting in reaction cues to be expressed 
(bottom right), to be perceived (bottom left) and to be co-regulated by (middle left). This cycle is virtually 
endless. 

The capacity to form bonds through cues and sensitivities to those cues is controlled by a 

complex physiological mechanism, built in during evolution in order to maximize species’ 

chances of survival 5,9. Evidence for this physiological mechanism is provided hereafter. A 

more detailed description of the mechanism is presented in the appendix of this thesis.
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A PHYSIOLOGICAL BONDING-MECHANISM

Evidence of a bonding-mechanism built in during evolution 
Important evidence for the existence of a physiological bonding-mechanism came from 

a man named Myron Hofer. In his research on rat dams, he discovered that evolution has 

instrumented mothers with a set of so-called hidden regulators, e.g. maternal physical 

properties such as her odor, temperature and milk, regulating specific physiological systems 

in the rat pup 3. For instance, in his studies, separating mother and infant, but providing 

warmth, maintained the pup’s level of general activity, but had no effect on other systems; 

the cardiac rate continued to fall 11,12. On the other hand, the provision of milk to neural 

receptors in the lining of the pup’s stomach during maternal separation stress de-stressed 

the heart rate regulation 13. Moreover, throughout the research, the pups demonstrated 

care-eliciting behavior or infant cues such as separation cries, or ultrasonic vocalizations, 

directing the mother with her hidden regulators toward the pups when they needed 

assistance for their regulation 3. In other words, these studies demonstrated a set of species-

specific caregiving and innate care-eliciting behaviors. 

Similar behaviors can be seen in all mammals, and these behaviors are often synchronized 

and already observed during the first hours after birth. This suggests that mammals in 

particular are biologically prepared to engage in coordinated interaction 14,15. In fact, 

synchronizing of such biological rhythms already starts during pregnancy, enabling optimal 

regulation of the mother-infant dyad 16,17. This makes sense, since regulation is “the act 

of balancing the energy budget of the body in order to survive” 4 and therefore optimal 

regulation entails optimal energy usage. Such an evolutionary benefit seems particularly 

important during the reproductive phase 4. Nonetheless, since evolution is by definition a 

process of optimization, signs of optimized regulation can be seen in all life phases and all 

life forms 18,19. Even single-celled organisms have the capacity to exchange cues, in order 

to adapt to the environment which they live in in a more efficient way: they co-regulate to 

optimize their energy usage 4. 
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This theory on bonding implies that the principle of bonding is universal for all organisms 

and all types of bonding (parental, pair, and filial), as they serve a common and crucial 

evolutionary purpose: survival 15. In their research, Bartels et al. found evidence for this. 

They used functional Magnetic Resonance Imaging (fMRI) to measure brain activity in 

mothers while those mothers viewed pictures of their own children (parental bonding) and 

of acquainted children (filial bonding) and compared these results to fMRI results from 

their previous study on romantic (pair) bonding 20. They found striking similarities for all 

bonding mechanisms 21. Moreover, research has indeed shown that bacteria were already 

co-regulating 700 million years ago 9,22. How did they do this? What do modern humans and 

ancient bacteria have in common?  

Important contributors to the bonding-mechanism
In both bacteria and humans, DNA material is transcribed to produce proteins. In particular, 

the protein oxytocin acts through co-regulative processes to optimally exert its functions and 

this dates back to its precursor protein vasotocin, which was present in bacteria 700 million 

years ago 23. Back then, its function was balancing cellular processes, such as adjusting the 

water and salt level to the external environment. To execute these regulatory functions more 

efficiently, it used signaling mechanisms across different single-celled organisms to adapt to 

the environment together: to co-regulate 9,23. Throughout the course of evolution, oxytocin 

remained a key player for co-regulation by modulating the expression of numerous cues, 

including influencing multiple complex social behaviors 9,23. For instance, it influences the 

process of labor and lactation 24–29, it physically remodels the mammalian pelvis 9, it is 

released into the olfactory bulb by cervical stimulation during the birth of a lamb, facilitating 

olfactory recognition of the offspring 30, it is released during sexual behavior, especially the 

orgasm 31–36, and its release can be mediated by the quality of a relationship; when partners 

are frequent groomers, more oxytocin appears to be released during grooming compared 

to when partners are distantly related 37. Nonetheless, as the name already implies, such 

complex social behaviors are not influenced by oxytocin alone. Especially higher-order 

organisms developed other ways to maintain homeostasis (and thus to regulate and to co-

regulate), for instance a nervous system 18,38,39. 

The oldest parts of the nervous system are the brainstem and diencephalon. These parts mainly 

exert their function through (or they indirectly sort of belong to) the autonomic nervous 

system 40, a system so efficient for signaling and balancing that in fact its main purpose is to 
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keep vital parameters in their desired ranges 41. In other words, its main job is to regulate. 

For this, the system consists of two well-known, counteracting parts, the sympathetic and 

the parasympathetic system 41. We will get into this in more detail in chapter 5 and in the 

appendix of this dissertation. Important to note here is that the functioning of the autonomic 

nervous system can be investigated by calculating heart rate variability 42. 

Many era later, the neocortex developed, facilitating social learning and conscious 

(emotion-) regulation (Figure 1: both conscious and unconscious co-regulation) 9. From an 

evolutionary perspective, such higher cognitive functions are useful for negotiating about 

food stock and cattle and thus for survival. Nowadays they are very useful for living in a 

complex social world 43. Generating thoughts and behaviors, the neocortex allows humans 

to consciously read each other’s actions, gestures and facial expressions. The mental state 

and emotions of other individuals can be perceived and interpreted in an attempt to figure 

out what other people are thinking and feeling (i.e. social learning), and to guess how they 

are about to behave next and how best to help them with that 44. Behaviors therefore seem 

to be a valuable cue. However, behaviors are difficult to quantify and especially in preterm 

infants often unrecognizable and ill defined. 

Moreover, behaviors are influenced by our neurohormonal system and vice versa. Cues like 

temperature, heart rate, and sound could therefore also have been used in Figure 1 instead 

of the crying behavior of the infant and the comforting behavior of the mother, albeit being 

difficult to capture in an image. Many (unconscious) cues are probably not even known to 

mankind yet; regulatory cues seem omnipresent 3. In addition, cue-modulation also seems 

omnipresent. For instance, research has convincingly shown that oxytocin (unconsciously) 

affects social behaviors including social learning, e.g. administered oxytocin enhances facial 

memorization but not memory in general 45–48. This illustrates that the physiology of bonding 

is a very complex, intricate network 49. We therefore measured bonding in preterm infants 

at a hormonal, autonomic and behavioral level, as will be described in the next chapters. 

These chapters present the studies in which we analyzed oxytocin, heart rate variability 

and behavior during times of minimal and maximal parent-infant co-regulation, or in other 

words during minimal and maximal cue exchanging. In neonatal caregiving environments, 

minimal parent-infant cue exchanging occurs when infants are in their incubators or beds 

without the presence of parents, whereas maximal cue exchanging occurs when parents and 

infants are in skin-to-skin contact during Kangaroo care 49–51. 
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ABSTRACT

Aim: This study assessed the feasibility and obtrusiveness of measuring salivary oxytocin in 

preterm infants receiving Kangaroo care, a period of maximal bonding or co-regulation. We 

also analyzed possibly influential determinants, including maternal oxytocin. 

Methods: The saliva of preterm infants and their mothers was collected prior to, and during 

Kangaroo care using cotton swabs. The saliva was then pooled into vials until sufficient 

volumes were obtained to measure oxytocin levels using a radio-immuno assay. The 

obtrusiveness of the infants’ collections was measured with a Likert scale. 

Results: Saliva was collected unobtrusively prior to, and during, 30 Kangaroo care sessions 

in 21 preterm infants. This resulted in three vials with sufficient volumes of saliva collected 

during Kangaroo care and three vials with baseline saliva. Oxytocin was detectable in all six 

vials. The Kangaroo care duration and the intensity of the mother-infant interaction before 

and during Kangaroo care seemed potentially influential parameters and these should 

therefore preferably be standardized in any future studies. 

Conclusion: Oxytocin was measured unobtrusively in the pooled saliva of preterm infants 

both before and during Kangaroo care and it could therefore be investigated as a biomarker 

in future studies. 
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INTRODUCTION

Prematurity impairs bonding, which is neurobiologically defined as the process of co-

regulation 1,2. Regulation, or homeostasis, is the constant adjustment of an organism’s 

internal environment to the external environment. Co-regulation, or bonding, is when 

organisms influence the internal environment of other organisms. This is enabled by specific 

cues that organisms either consciously or unconsciously express and the sensitivities to 

these cues that other organisms have 2,3. When adequate, co-regulation is a stabilizing and 

very powerful positive stimulus for organisms. However, the physical immaturity of preterm 

infants, and the mechanical barrier caused by incubators, make the cues expressed by 

preterm infants more difficult to recognize. Furthermore, fear and stress might make parents 

less receptive to those cues 1,2. Adequate parent-infant co-regulation is therefore challenging 

in the case of prematurity. 

We reasoned that techniques evaluating the co-regulation or bonding in parents and 

their preterm infants could lead to improvements in neonatal care giving, since evaluating 

bonding could lead to optimizing bonding and that has been reported to enhance the 

physiological development of preterm infants 2. It would thus be very valuable to identify 

non-obtrusively available, biological markers that reflect elements of the co-regulative 

process of bonding. For this, candidate markers should be studied during a time of maximal 

parent-infant bonding. 

In a NICU, such a time of maximal bonding is Kangaroo care (KC), when the regulating 

function of nurses and the incubator are entirely replaced by the co-regulation of the parental 

chest 4. The numerous studies in preterm infants demonstrating both the regulatory and 

developmental benefits of KC support the three-fold theory that KC is a period of maximal 

co-regulation or parent-infant bonding, that this optimal bonding enhances the well-being 

of preterm infants and that optimizing parent-infant bonding should thus be prioritized in 

NICUs 2,4. 

The literature on parent-infant bonding is unequivocal about the fact that oxytocin plays 

an important role in this process 5,6. The functioning of the oxytocin system has frequently 

been reported as crucial for the expression of, and readiness for, care giving and care-

eliciting behaviors. Oxytocin can thus be seen as a cue-modulator 7,8. We therefore selected 

oxytocin as a biological marker of interest to assess during KC. This has been done once 

before by Cong et al., who showed that after 30 minutes, KC appeared to activate a release 
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of oxytocin in the saliva of both mothers and fathers 9. However, the salivary oxytocin of 

preterm infants was not measured and has never been measured before. The reason for this 

probably is that both the collection of saliva in preterm infants, and the measurement of 

oxytocin in saliva are challenging. 

Average collected saliva volumes in preterm infants are very small 10 and oxytocin may 

be broken down in saliva and thereby avoid detection by oxytocin-specific antibodies 

used in commercially available enzyme-immuno assays 11. Furthermore, the specificity 

of those antibodies allows detection of some other oxytocin-like substances that can be  

misleading 12, especially when investigating the possibly very low concentrations of 

oxytocin in the saliva of preterm infants. We hypothesized that some of the barriers of 

measuring dynamic changes in oxytocin in the saliva of preterm infants could be overcome, 

by having a specialist laboratory perform a more sensitive radio-immuno assay 12 on the 

pooled saliva of multiple saliva collections before KC and during KC. We conducted a pilot 

study to investigate the feasibility and obtrusiveness of doing this. Determinants that possibly 

influenced oxytocin responses were analyzed as secondary outcomes, such as the duration 

of KC, the intensity of the mother-infant interaction during KC, maternal characteristics, and 

maternal salivary oxytocin responses.

MATERIALS AND METHODS

Study population and design
We included cardiorespiratory stable preterm infants who were born between 29 and 36 

weeks of gestation, weighing over 1500g. The exclusion criteria were congenital anomalies, 

current signs of infection and current contra-indications for KC. Baseline characteristics can 

be seen in Table 1. The Medical Ethical Committee of Máxima Medical Centre Veldhoven 

approved the study and we conducted it according to the principles of the seventh revision 

of the Declaration of Helsinki in 2013. 
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TABLE 1. Characteristics of the 21 preterm infants participating in 30 KC sessions
Characteristics Mean Standard deviation
Gestational age (weeks) 31 + 3 3 + 0

Birth weight (g) 1705 449

Infant age at study participation (weeks) 35 + 3 1 + 2

Infant weight at study participation (g) 2302 314

Postnatal age (days after birth) 28.4 24.3

Once written informed consent had been obtained from the parents of each participant, we 

agreed on the day that all four saliva collections would be carried out. The first collection 

was from the infants before KC, preferably performed before the mother arrived at the 

hospital. The second collection was a maternal saliva collection, obtained immediately 

after the mother’s arrival at the hospital. The two collections during KC were performed 

successively during a KC session that was planned by the mother, so that the study did not 

interfere with the normal maternal care giving routine. Those collections were performed 

after at least 30 minutes of KC had passed. To minimize the potential effect of feeding on the 

oxytocin concentration, we aimed to keep the time between both infant saliva collections 

and the last moment of feeding before that collection equal. Furthermore, the obtrusiveness 

of the collection procedures was analyzed during the two infant collections. 

Assessment of the obtrusiveness
After each infant collection, the researcher asked the nurse about the monitor alarm frequency 

during the procedure. As differences in alarms were not expected to occur, an additional 

scale to measure the obtrusiveness was constructed, the so-called collection intolerance. 

Because a validated scale for this purpose did not exist, a modified five-point Likert-type 

scale based on the facial expression section of the COMFORTneo scale was generated 13 

(Table 2). A form was used to register these Likert scores (see the appendix of this chapter). 

Any particularities during the collections, such as the presence of siblings or guests, possible 

interruptions, or the infant having the hiccups were also noted on this form. Additionally, 

the patient data that was required to be able to identify factors that altered the collection 

intolerance, such as the gestational age, postnatal age, birth weight and current weight of 

the infant were noted on the form. Finally, the form served to assemble information to screen 

for determinants that could possibly have an influence on the oxytocin release, if oxytocin 

appeared measurable. 
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TABLE 2. Likert scale to score the infant’s saliva collection intolerance
Score Definition

0 Continuously normal, relaxed facial expression according to COMFORTneo

1 Totally relaxed facial expression for almost all of the time (minus 2 seconds)

2 Relaxed facial expression for most of the time (minus < 10 seconds)

3 A lot of times a not totally relaxed expression (> 10 seconds < 1 minute)

4 A continuously intolerant expression or crying (abortion of the collection)

Assessment of the feasibility
Succeeding in measuring oxytocin was the main criterion for the analysis of the feasibility of 

a future study. This depended on the collected saliva volumes and on whether the oxytocin 

concentration in the saliva of preterm infants exceeded the radio-immuno assay’s detection 

limit. The other criterion for determining the feasibility was a required sample size that could 

be realized in a future study. Furthermore, in order to enable optimal standardization of such 

a future study, we screened for determinants that possibly influenced the oxytocin release 

in this pilot study.

Determinants possibly influencing the oxytocin release
Data on the infant characteristics, the KC duration, feeding differences during the day, the 

collection intolerance and the amount of eye contact, vocalizations and caressing strokes 

during KC, or in other words, the mother-infant interaction intensity were gathered. Because 

no validated scale existed to evaluate the mother-infant interaction intensity, a five-point 

Likert scale was constructed to reflect the interactions prior to and during KC (Table 3). The 

Likert scores were a quantitative representation of some of the items of the Nursing Child 

Assessment Satellite Training Scale 14, the Arnett Caregiver Interaction Scale in the wordings 

recently studied by Colwell et al. 15, and the Ainsworth Maternal Sensitivity Scales 16, which 

all focus on the infant-centered attention of the mother during mother-infant interactions. 
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TABLE 3. Likert scale to score the mother-infant interaction intensity

Score Definition; During the before Kangaroo care saliva collection there was: 
0 Maternal absence

1 Maternal presence but silent and without touching

2 Maternal presence, her voice was audible but speech not directed at infant

3 Maternal presence including infant directed speech

4 Maternal presence plus some touching of for instance the head

Score Definition; During the during Kangaroo care saliva collection: 
0 Mother seemed somewhat stressed or distant toward the infant

1 Mother was not stressed, but provided no extra vocalizations or caressing

2 Some infant-directed vocalizations and extra caressing were provided

3 Frequent infant-directed vocalizations and extra caressing were provided

4 Constant infant-directed vocalizations and extra caressing 

Furthermore, the maternal salivary oxytocin was collected both before and during KC to 

investigate as a potentially influential determinant. In addition, the maternal oxytocin was 

used as an extra tool for optimizing the standardization of a future study by examining 

whether there were effects of, for instance, a different KC duration or a different mother-

infant interaction intensity on the maternal oxytocin responses. 

 

Maternal and infant saliva collection procedures
The maternal saliva was collected using Salivettes (Sarstedt, Numbrecht, Germany). Mothers 

were asked to move a swab around their clean mouth and gently chew on it for at least one 

minute. A second minute was added when the swab did not appear saturated. When it was 

saturated, the swab was immediately placed into a tube, sent to the laboratory and frozen 

at -20°C. 

The infants’ saliva was collected using tiny Sorbettes (Salimetrics, California, USA). 

Infants sucked on one Sorbette for four minutes and consecutively on a second Sorbette, 

also for four minutes. Although a 20-minute sampling time was advocated 10, we reduced 

this time so that we could develop a saliva collection procedure that would fit into the care 

giving routines of nurses. During the procedure, the Sorbettes were gently moved around the 

entire mouth, spending most of the time in both cheek pouches and underneath the tongue. 

After four minutes, the first Sorbette was directly put into a labeled Salimetrics tube that was 
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kept on ice. After finishing the saliva collection with the second Sorbette, and adding it to 

the tube, the tube was immediately sent to the laboratory and stored at -20°C. 

Amount of saliva collections
Based on an approximate harvest of 90 μl of saliva per infant during a 20-minute collection 

procedure 10, an average of 30 μl of saliva was a reasonable expectation with the eight-

minute collection procedure applied in this study. The required saliva volume to measure 

oxytocin is 300 μl, according to the standard operating procedure of a specialized 

laboratory, RIAgnosis, Munich, Germany. In this feasibility study, we therefore collected 

saliva in preterm infants both before and during 30 KC sessions in order to yield at least 

three baseline oxytocin measurements and three oxytocin measurements in saliva collected 

during KC. 

Saliva handling
When all the samples had been collected, they were allowed to reach room temperature for 30 

minutes and were subsequently centrifuged at 4°C 3000r/min for five minutes. The maternal 

saliva was transferred to 1.5 ml vials (Eppendorf, Hamburg, Germany) and immediately 

refrozen at -20° Celsius until shipment. The infant saliva samples were transferred into 1.5 

ml vials as well while pooling the harvests. After transferring a randomly picked first infant 

saliva sample to the first vial, a second randomly picked saliva sample was added to the 

same vial, until that vial contained at least 300 μl. Each vial contained just saliva from 

collections before KC or just saliva from collections during KC. The first allocation to the 

vials was random, but attention was paid to ensure that a vial pair contained corresponding 

saliva collections. For example, when an infant’s before KC saliva was randomly added to 

the first before KC vial, the same infant’s during KC saliva was added to the first vial that was 

filled with during KC saliva. The same procedures were used when the infant’s saliva was 

added to subsequent vials. Filled vials were immediately refrozen at -20 °C. 

Saliva analysis
Saliva samples were assayed by RIAgnosis according to a previously described procedure 
17. Briefly, samples were extracted using LiChroprep Si60 (Merck, Hesse, Germany) which 

was heat-activated at 700°C for three hours. After evaporation using a SpeedVac High 

Capacity Concentrator (Thermo Scientific, Massachusetts, USA) 50 μl of assay buffer was 
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added. The oxytocin was then measured with a highly sensitive and specific radio-immuno 

assay, standardized and validated in human studies. The detection limit was in the 0.5 pg/

sample range, the intra-assay variation was less than 8% and the <0.7% cross reactivity was 

considered negligibly small 18. 

Data analysis
First, the obtrusiveness of the collection procedure was analyzed. Second, the feasibility 

was assessed by determining the salivary yields, the oxytocin detectability and the required 

sample size for the execution of a future study investigating oxytocin as a biomarker. The 

Statistical Package for the Social Sciences, 22nd edition (IBM Corp, Illinois, USA) was used 

to calculate the mean overall oxytocin concentration, the mean before KC and during KC 

concentrations, the mean differences before KC versus during KC and the mean standard 

deviations. A sample size power calculation was performed using the mean difference 

and mean standard deviation in a dependent means t-test of the free software program 

G*Power 3.0.10 19. Finally, in order to identify determinants that could possibly influence 

oxytocin responses, the characteristics of the different groups of infants were displayed and 

the characteristics and oxytocin responses of the mothers and KC sessions were examined 

using t-tests and analysis of variance tests. Two extra characteristics were calculated using 

the gathered data, namely the difference in collection intolerance and the difference in 

interaction intensity prior to and during KC. These characteristics were termed tolerance 

increase and intensity increase. To compute these variables, the collection intolerance 

before KC minus the collection intolerance during KC was calculated and the interaction 

intensity during KC minus the interaction intensity before KC. A positive tolerance increase 

value suggested that the collection during KC was tolerated better than the collection before 

KC. A high intensity increase value suggested a better fit to the study protocol, i.e. an absent 

mother at baseline and an apparently infant-centered mother during the collection during 

KC. 
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RESULTS

Baseline characteristics of the preterm infants
A total of 21 preterm infants were included: 13 contributed on one day, seven contributed 

on two days and one contributed on three different days. Seven of the included infants were 

part of a multiple pregnancy. Three were included without their siblings and the other four 

were two fully included twins. 

Obtrusiveness
In total, the saliva of these 21 preterm infants was collected at 60 different times: 30 times 

before KC and 30 times during KC. Monitor alarms did not increase during any of these 

collections and a critical monitor alarm was never reported. The obtrusiveness was minimal. 

A Likert score of four was not reported during any of the collections. Almost all of the 

collections (88%) were performed during sleep. There were no awakenings during these 

53 collection procedures, with Likert scores of zero in 12 instances, a score of one in 24 

instances, two in 13 instances and three in four instances. The collection intolerance was not 

related to any of the infant characteristics.

Two of the awake collections were shortened due to crying, which started before the 

collection and continued during the collection. This crying was noted on the form as a 

peculiarity. The mothers of the two infants deliberately suggested that we collected the saliva 

at these moments, because the crying resulted in an excessive, visible amount of saliva. 

During these two non-obtrusive collections, one before KC and one during KC, it took only 

ten seconds for the Sorbettes to be saturated with saliva. The obtrusiveness during the other 

five awake collections was also minimal, with three Likert scores below two and two Likert 

scores of two. 

Feasibility
The 60 collected samples provided almost sufficient saliva to fill six vials with at least the 

desired 300 μl. After the pooling process, the three before KC vials contained 320-380 μl, 

whereas the first two vials with during KC saliva contained 305-310 μl and the last during 

KC vial contained 290 μl. It was possible to measure the salivary oxytocin in all six vials. The 

mean overall oxytocin concentration was 4.79 pg/ml (SD = 0.86 pg/ml). Before KC the mean 

concentration was 4.34 pg/ml compared to 5.24 pg/ml during KC. Therefore, the mean 
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difference in oxytocin was +0.9 pg/ml (SD 1.38 pg/ml, p = 0.38), which led to a required 

sample size of 21 vials for a future study, using a standardized α-error probability of 0.05, a 

standard power of 0.8 and a deduced Cohen’s δ of 0.65. 

Determinants possibly influencing the oxytocin release
Two of the three vials that contained during KC saliva showed an increase in oxytocin 

concentration, one showed a decrease (Table 4). 

TABLE 4. The oxytocin concentrations per vial in pg/ml before Kangaroo care (KC), 
during KC and the difference during KC versus before KC
Pooled saliva of 10 collections Before KC pg/ml During KC pg/ml Difference pg/ml

Vial pair 1 4.32 5.86 1.54

Vial pair 2 4.70 4.02 - 0.68

Vial pair 3 3.99 5.83 1.84

Determinants that could have possibly influenced the oxytocin release, and would be 

necessary to track in a future study, were investigated by screening for differences in baseline 

characteristics of the groups of infants that contributed to each vial pair (Table 5). 
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TABLE 5. Characteristics of the infants and Kangaroo care sessions grouped per vial 
pair in which oxytocin was measured

Group characteristics
Vial pair 1 
Mean (SD)

Vial pair 2 
Mean (SD)

Vial pair 3 
Mean (SD)

Age (weeks) 35.8 (1.1) 35.3 (1.1) 35.1 (1.5)

Weight (g) 2249 (270) 2386 (329) 2270 (352)

Gestational age (weeks) 32.1 (3.2) 31.3 (3.4) 31.0 (2.3)

Birth weight (g) 1716 (421) 1796 (537) 1606 (406)

Number of days after birth 25.8 (25.3) 27.7 (26.7) 28.9 (23.0)

Born by cesarean section 5 5 6

Kangaroo care duration (min) 44 (20) 39 (27) 51 (16)

Ml feeding before collection 1 39.4 (12.6) 40.5 (15.0) 44.5 (5.5)

Ml breast milk thereof 28.9 18.5 36.0

Ml ingested through sucking 3.5 0.1 17.4

Ml actually fed per breast 0.0 0.0 3.0

Time since feeding (min) 19.1 (4.3) 22.8 (7.6) 21.2 (7.0)

Ml feeding before collection 2 39.4 (12.6) 40.5 (15.0) 45.0 (5.8)

Ml breastmilk thereof 32.4 24.0 36.5

Ml ingested through sucking 12.2 11.2 17.1

Ml actually fed per breast 7.7 5.6 3.6

Time since feeding (min) 21.0 (4.0) 23.0 (7.8) 21.0 (6.1)

Maternal OT response (pg/ml) +0.6 (1.2) +0.2 (0.9) +0.1 (1.6)

First collection intolerance 1.4 (0.1) 1.5 (0.1) 0.9 (0.1)

Second collection intolerance 0.9 (0.1) 1.2 (0.1) 1.0 (0.1)

Tolerance increase (1-2) 0.5 0.3 -0.1

First interaction intensity 1.0 (0.1) 1.4 (0.1) 0.4 (0.1)

Second interaction intensity 2.8 (0.1) 2.3 (0.1) 2.3 (0.1)

Intensity increase (2-1) 1.8 0.9 1.9

Abbreviations: SD = standard deviation; OT = oxytocin. Bold value: If group 2 is not in between group 1 and 
3, AND (only if it is a collection-dependent variable) the value of group 2 is in between 1 and 3 before KC but 
not anymore during KC

Except for the current weight, birth weight, KC duration and interaction intensity during 

KC, all of the baseline characteristics of the group that did not show an oxytocin increase 

(group two) were in between the baseline characteristics of the other two groups, or either 

lower or higher both before KC as well as during KC. This included the average increase 
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in the oxytocin levels of the mothers. In groups one and three the average increases in 

maternal oxytocin were +0.6 pg/ml and +0.1 pg/ml, whereas in group two it was +0.2 

pg/ml, respectively 21%, 4% and 8% more than the mean maternal baseline oxytocin 

concentration of 2.7 pg/ml. 

TABLE 6. Characteristics of the Kangaroo care sessions with an increase in maternal 
oxytocin versus the Kangaroo care sessions without an increase in maternal oxytocin

Characteristics
Increase in OT 

n = 15 (SD or %)
No increase in OT  
n = 13 (SD or %)

t-test 
p-value

Maternal age (years) 31.1 (3.7) 32.5 (4.5) 0.40

Maternal weight (kg) 66.7 (9.7) 70.6 (7.7) 0.25

Maternal length (cm) 165 (6.1) 165 (7.2) 0.97

Infant was delivered vaginally 8 (53.3%) 6 (46.2%) 0.27

Current pregnancy was multiple 0 (0%) 6 (46.2%) 0.004*

Average # previous pregnancies 1.2 (0.4) 1.5 (0.5) 0.07

Average # of days after labor 35.7 (27.0) 20.7 (20.6) 0.11

Mean Kangaroo care duration 44.8 (23.5) 42.7 (22/9) 0.81

Collection intolerance (collection 2) 1.20 (0.9) 0.92 (0.5) 0.32

Ml breastmilk prior to collection 1 0 0 -

Ml breastmilk prior to collection 2 25.3 (27.4) 13.3 (14.8) 0.38

Rating of the milk production 1.6 (0.7) 1.9 (1.0) 0.46

Interaction intensity collection 1 1.0 (1.1) 0.9 (1.0) 0.70

Interaction intensity collection 2 3.3 (0.6) 1.6 (0.7) <0.001*

Interaction intensity increase (2-1) 2.3 (1.2) 0.8 (1.5) 0.005*

Abbreviations: OT, oxytocin; SD, standard deviation; #, number. * indicates significance defined by p <0.05

When using the maternal oxytocin responses as an additional tool to screen for determinants 

that could possibly influence oxytocin responses, we noted that weight-related determinants 

and the duration of KC did not seem to have an effect, whereas the interaction intensity 

during KC and the interaction intensity remained to show significant differences (p < 0.001 

and p = 0.005) (Table 6). Furthermore, the distinction between a singleton and a multiple 

pregnancy also showed a significant difference (p = 0.004). Just under half (46%) of the 

mothers without an oxytocin increase during KC gave birth to a twin or triplet. In contrast, 
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none of the mothers with an oxytocin increase during KC gave birth to a twin or triplet. The 

average number of days after labor was higher for the KC sessions where oxytocin increased, 

but this was not significant. 

DISCUSSION

In this pilot study, we collected saliva in 21 preterm infants prior to, and during, 30 KC 

sessions. Pooling of this saliva resulted in three sufficiently filled vials with baseline saliva 

and three with during KC saliva. Oxytocin was detectable in all six samples. The cotton 

swabs provided a minimally obtrusive way to collect saliva. The majority of the infants 

did not appear to notice the Sorbettes at all or got used to them in less than two seconds 

after initial signs of disgust. Moreover, infants were not woken up by the procedure, even 

though nearly all of the collections were performed while the infant was asleep. This means 

that a presumably important biological factor for social interactions, salivary oxytocin, 

can be investigated during KC in a study with a determined required sample size of 21 

vials. However, there has been a controversy in the literature about the existence of a 

direct relationship between such peripheral oxytocin concentrations and central oxytocin 

concentrations 20,21. 

The majority of human oxytocin is produced in the hypothalamus, where it is either 

transported to the pituitary gland to enter the peripheral bloodstream or transported in axons 

to be released in target brain areas to function as a neurotransmitter there or in nearby 

areas via diffusion 20,22. Once released into the brain, the large oxytocin molecules do not 

cross the blood-brain barrier easily 20. Indeed, several studies demonstrated no correlation 

between central and peripheral oxytocin 17,23. However, accumulating evidence shows that 

certain stimuli can cause a coordinated release of central and peripheral oxytocin 21,24. 

KC could therefore be such a stimulus, evoking both a central and peripheral oxytocin 

surge. A peripheral surge, however, does not necessarily mean an increase in the salivary 

oxytocin. In fact, Horvat-Gordon et al. were unable to detect any oxytocin in saliva using 

three commercially available immuno assays 11. They stated that due to its size and short 

half-life, oxytocin might be unable to enter the oral mucosa from the blood. On the other 

hand, other studies did detect oxytocin in the saliva of humans, including changes in 

oxytocin concentration after exposure to different behavioral paradigms 25,9,8. As stated in the 
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introduction, these enzyme-immuno assay based findings could be due to the cross reactivity 

of molecules other than oxytocin 12, but it is also possible that the detected molecules were 

indeed oxytocin from a central or a local origin. 

The hypothalamus is not the only site that produces oxytocin molecules, as endothelial 

and epithelial cells at various other sites throughout the body have been reported to 

produce it 26. Perhaps KC and maternal scent are stimuli causing a local oxytocin release. 

So far, many uncertainties remain about salivary oxytocin and its potential as a biomarker. 

These uncertainties were not addressed in this pilot study and, therefore, it would be very 

interesting to perform a larger study assessing salivary oxytocin both before and during KC.

For this larger study, a design with 10 saliva collections from the same infant was 

discussed, because that would reduce the number of varying determinants. The burden 

would be for mothers to have 10 KC sessions disturbed by the procedure and it was felt 

that this outweighed the advantage. Nonetheless, in any future study, the number of 

participations per infant should preferably be the same, since it is unknown whether the 

unequal participations affected the study results of this pilot. Responses to a second or 

third participation could differ from the first response, just as many other determinants 

could influence oxytocin responses. This study was not powered to draw any conclusions 

regarding that issue, as determinants were merely screened to identify those that should be 

standardized in a future study to optimize its protocol to the best of our knowledge. 

One such determinant, the collection intolerance, did not differ between the infant 

groups in which the oxytocin had increased or decreased. Overall, the collection intolerance 

was seven points lower during KC, which could indicate some comforting effect. It would 

therefore appear interesting to retain the registering of the collection intolerance in a future 

study. Four other determinants were of interest in relation to the oxytocin concentrations 

in the infant vials, which were the KC duration, the mother-infant interaction intensity at 

baseline and the average birth weight and current weight of the groups of infants. 

When using the small set of maternal oxytocin responses as an additional tool to screen 

for determinants that should be standardized, the duration of KC did not appear to be 

crucial and neither did the maternal weight. The distinction between a multiple or singleton 

pregnancy did seem interesting, since oxytocin did not increase in any of the KC sessions 

performed by a mother of twins or triplets, which could be clinically irrelevant, but which is 

an interesting finding to address in a different study design nonetheless. However, the most 

interesting finding was the mother-infant interaction intensity, the only determinant that 

seemed relevant when regarding both the infants’ results and the maternal results. 
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Depending on the interaction intensity, or in other words depending on the amount of 

touching and infant-centered vocalizations expressed by mothers during KC, half of the 

mothers that participated in this pilot study more than once did demonstrate an oxytocin 

increase in a KC session with high interaction intensity but not in a KC session with 

lower interaction intensity. Obviously, conclusions cannot be drawn based on this, but 

nevertheless, in a future study, providing extra positive caressing stimuli and speech during 

KC sessions should be part of the protocol to maximize the chances of finding a consistent 

change in oxytocin. Indeed, it has been demonstrated before that maternal vocalizations 

positively affected infants’ physiological state and oxytocin 27,28. Furthermore, mothers 

should preferably not even be in the infants’ room during the baseline collections according 

to the impression that was given by the results from the interaction intensity at baseline and 

the intensity increase parameters. 

We argue that, like the sheer presence of rat dams appeared to influence the electro-

encephalogram of their pups in a study by Sarro et al. 29, the sheer presence of a mother 

might influence the infant’s baseline oxytocin measurement. However, the average oxytocin 

response of the mothers did not seem related to the pooled oxytocin response of their 

preterm infants in this pilot study. To the best of our knowledge, the correlation between the 

oxytocin of preterm infants and their mothers has never been evaluated before. Nonetheless, 

since only three pooled infant samples were obtained and these samples obviously lacked 

individual values, a different study design is needed to evaluate the effect of maternal 

oxytocin responses on preterm infant oxytocin responses. 

Finally, a different study evaluating the possible effect of crying on the oxytocin responses 

of preterm infants would be interesting. In this pilot study, crying prior to a saliva collection 

was noted as a particularity twice, taking place in one infant before KC and in one infant 

during KC. However, those collections were not obtained from the same infant on the same 

day and therefore they were not necessarily allocated to the same vial pair. The saliva of the 

before KC collection was randomly allocated to the second pair of vials, the pair in which 

the before KC oxytocin concentration exceeded the during KC concentration. The crying 

could be an explanation for this, since crying is a very pro-social cue where the infant 

intensely asks for co-regulation 30. If the during KC saliva had been coincidentally allocated 

to the same vial pair, this could have cancelled out a possible crying effect, but that saliva 

was randomly allocated to the third vial pair. This implies that the increase in oxytocin in 
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that vial pair could be due to KC, but it could also be due to crying behavior, or to anything 

else. 

The relation between salivary oxytocin and KC was not assessed in this pilot study, as just 

the feasibility and obtrusiveness of measuring salivary oxytocin prior to and during KC were 

assessed. Therefore, the only conclusion that can be drawn is that oxytocin can be measured 

in preterm infants in a non-obtrusive way. A larger study is needed to investigate whether 

KC leads to a non-coincidental change in salivary oxytocin. Such a study would not reveal 

the oxytocin levels of individual preterm infants and it would not address the questions 

how much of an oxytocin increase is clinically relevant and whether altered oxytocin levels 

reflect causes or consequences of behavioral alterations 21. However, the answers to those 

questions are not essential for our purpose, which is to identify a biological marker that 

could be used to evaluate future interventions that aim to improve co-regulation in NICUs. 

In the current study, we demonstrated that it is possible to assess salivary oxytocin as such a 

biomarker in a future study in a non-obtrusive way.  

CONCLUSION

The oxytocin concentration of preterm infants was successfully measured in a non-obtrusive 

way both before KC as well as during KC by performing a radio-immuno assay on the pooled 

saliva of multiple saliva collections. This warrants a future study to investigate whether or not 

the increase in parent-infant bonding that occurs during KC, is accompanied by a significant 

change in salivary oxytocin. 
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APPENDIX

FORM TO REGISTER PATIENT CHARACTERISTICS AND COLLECTION DATA

Personal characteristics 
Current age participant (weeks + days): ............................................................................................................. 
Current weight (grams): .......................................................................................................................................  
Breastfed: yes / no 
How would you rate the milk production?  Not so good / Average / Better than average

First collection: date ..... - …… - ………, time: ……..:……

Time since last feeding (minutes):  ....................................................................................................................... 
Last feeding (content): .......................................................................................................................................... 
Total amount ….......... ml breast milk / artificial, ….......... ml per breast, ….......... per bottle, …........... per tube

Interaction during collection 1: 0 1 2 3 4

0 = mother absent 
1 = mother present, but no voice hearable and no touching 
2 = mother present, voice hearable but not infant directed, no touching 
3 = mother present, infant directed speech, no touching 
4 = mother present, infant directed speech and some touching

Collection tolerance, collection 1: 0 1 2 3 4

0 = No grimace 
1 = Disgusted face < 2 seconds   
2 = Occasional disgust < 10 seconds 
3 = Disgust > 10 seconds but not continuous and not increasing in severity 
4 = Continuous disgust / active resistance / crying → abortion

 
Remarks:

Second collection: date ..... - …… - ………, time: ……..:…… 

KC duration (minutes)  
Time since last feeding (minutes):  
Last feeding (content): Total ….. ml breast milk / artificial, …. ml per breast, ….per bottle, ….. per tube

Interaction intensity during collection 2: 0 1 2 3 4

0 = mother is distracted / stressed / wants to leave   
1 = does not want to leave but no infant directed speech, no extra caressing, e.g. talking to doctor 
2 = occasional infant directed speech, occasional extra petting / caressing 
3 = a lot of infant directed speech and caressing 
4 = constant infant directed speech or caressing/ very active co-regulation / comfort during stress
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Collection tolerance, collection 2: 0 1 2 3 4

0 = No grimace 
1 = disgusted face < 2 seconds   
2 = Occasional disgust < 10 seconds 
3 = Disgust > 10 seconds but not continuous and not increasing in severity 
4 = Continuous disgust / active resistance / crying → abortion

 
Remarks:

 
Data to be collected by researcher  
Gestational age at birth: ................................................. Birth weight: ............................................ 
Mode of delivery: cesarean section / Vaginal Number of days after delivery:  ............... 
Single birth / Multiple birth: ............................................. Previous delivery in history: ....................
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ABSTRACT

Aim: To investigate whether kangaroo care (KC) influences the salivary oxytocin (OT) 

concentration in preterm infants, and which determinants affect the OT response. 

Methods: We conducted a twin study in which we collected saliva using cotton swabs twice 

a day, once during KC and once during baseline conditions (lying in bed or incubator). The 

total study duration was five days. The saliva of twin siblings were pooled to obtain vials 

with sufficient volumes of either saliva collected during KC or at baseline. OT levels were 

measured using a radio-immuno assay. The infants’ state of comfort prior to and during the 

saliva collections and the intensity of the parent-infant interaction were measured using 

previously developed Likert-scales, amongst other possibly influential determinants such as 

the KC duration, gestational age and birth weight. 

Results: In total, 11 twins participated. During KC, OT was lower compared to baseline 

(mean 1.39 pg/ml (SD 0.58 pg/ml) versus 2.40 pg/ml (SD 1.64 pg/ml), p = 0.03). Comfort at 

baseline in combination with the parent-infant interaction intensity significantly influenced 

OT responses (p = 0.01). 

Conclusion: The OT concentration in the pooled saliva of preterm infant twins decreased 

during KC. This remarkable response of the OT system might be explained by a stressful 

baseline environment. 
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INTRODUCTION

Oxytocin (OT) is a centrally synthesized peptide of nine amino acids that is critically 

involved in aspects of mammalian parturition, milk letdown, and social behavior 1. The 

concentration of OT receptors increases in the myometrium of pregnant women and reaches 

a maximum in early labor 2. Amongst other neurochemical changes, parturition causes a 

central OT release inducing maternal behavior, and an olfactory bulb release facilitating 

specific newborn-odor recognition by modulating noradrenaline, acetylcholine and 

gamma-aminobutyric acid release which are primary regulators for olfactory memory 3. 

In the postnatal phase, differences in OT receptor levels are associated with variation in 

licking and grooming behavior of rat dams toward their pups and these differences are 

context dependent 4,5. In a threatening or stressful environment OT can generate different 

responses (e.g. protective) compared to in a familiar environment (e.g. grooming or  

explorative) 5,6. Nonetheless, responses appear to be prosocial within the context. Numerous 

other examples of the prosocial activity of OT have been reported 7,8. OT is therefore assumed 

to be crucial for parent-infant bonding 9, which is neurobiologically defined as parent-infant 

co-regulation 10,11. 

Co-regulation is when an organism assists another organism in the regulation of his 

internal environment through cue exchanging. Cues are physiological and behavioral 

parameters such as heart rate, licking and grooming, and scent. OT is an important cue 

modulator, as demonstrated by for instance its previously described influence on licking and 

grooming and odor recognition. 

Cue exchanging is suboptimal in preterm infants 10. Both the physical immaturity and the 

early neonatal intensive care unit (NICU) environment with its bright lights, noise, painful 

procedures, and the mechanical barrier of the incubator, as well as the stress that parents 

experience during a NICU stay interfere with cue-exchanging and thus with parent-infant 

co-regulation 10,12. This is an important issue, since suboptimal co-regulation significantly 

impairs hormonal, epigenetic and neuronal development in preterm infants 10. Fortunately, 

these negative effects are reversible by bonding-increasing interventions such as Kangaroo 

care (KC) 10,11,13–15. 

KC refers to a period in which infants are placed in the prone position on a parent’s 

naked chest to provide direct skin-to-skin contact, enabling maximal cue exchanging, i.e. 

maximal bonding. KC significantly reduces mortality even in extremely preterm infants 13 
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and it is associated with important physiological benefits, including promoting quiet sleep, 

enhancing thermoregulation, and reducing crying or fussy behavior 16. Furthermore, KC 

enhances breastfeeding, and parents indeed report an increased quality of bonding due to 

KC 13,17–19. In addition to subjective parental reports on bonding, we hypothesized that this 

period of maximal cue exchanging might also be used to measure physiological aspects 

of bonding, like changes in OT. We reasoned that such a quantitative assessment of co-

regulation in preterm infants could provide opportunities for enhancing the same 11. 

In previous research, Cong et al. showed that 30 minutes of KC appeared to activate an 

OT release in the saliva of both mothers and fathers 20. However, they did not measure OT in 

the saliva of preterm infants. This was probably due to the fact that collecting sufficient saliva 

in preterm infants is challenging 21. Therefore, we previously performed a study to assess the 

feasibility of measuring OT both before and during KC, demonstrating that, when pooling 

the harvests of multiple saliva collections OT could be measured unobtrusively in preterm 

infants 11. That study however did not examine the relation between KC and the salivary OT 

concentration. 

In the current study, we investigated the effect of KC on the salivary OT concentration 

in preterm infants. In addition, we analyzed if relevant contextual determinants were of 

influence on the OT response, i.e. on whether OT increased or decreased. 
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METHOD

Study population and design
Approximately ten saliva samples have to be pooled in order to obtain sufficient saliva 

for measuring OT 11. To minimize variability in the pooled data set, we conducted a twin 

study. Exclusion criteria were clinical instability of any order resulting in contraindications 

for KC. Inclusion criteria were twins who were cardiorespiratory stable, born between 29 

and 37 weeks of gestation, weighing over 1500 g and admitted to our hospital between 

December 2015 and January 2017. The latter criterion was based on our agreement with 

the medical ethical committee to perform an (interim) analysis after one year of inclusion to 

investigate whether recruitment should continue due to the logistically challenging nature of 

the study design. Upon that agreement, they approved this study (NL54074.015.15) that was 

conducted according to the principles of the seventh revision of the Declaration of Helsinki 

in 2013. Written informed consent was obtained from the parents of each participant. 

In Table 1, patient metadata and contextual determinants are shown for all participants 

together and when categorized according to their OT response. 

TABLE 1. Characteristics of all participants together, and grouped per OT-response

Characteristics (mean, SD)
Overall  
(N=11)

OT-increase 
(N=3)

OT-decrease 
(N=8)

Birth weight (g) 1777.1 (564.0) 1844.2 (828.5) 1752.1 (442.5)

Gestational age (days) 226.9 (19.6) 220.0 (24.3) 229.5 (18.8)

Weight during study (g) 2123.2 (269.3) 2115.7 (168.4) 2126.0 (309.0)

KC duration (min) 52.6 (17.4) 43.0 (7.0) 56.2 (19.1)

Parent-infant interaction intensity at baseline 0.7 (0.5) 0.8 (0.4) 0.7 (0.5)

Parent-infant interaction intensity during KC 2.2 (0.5) 1.9 (0.4) 2.4 (0.5)

Parent-infant interaction intensity increase 1.5 (0.4) 1.1 (0.3) 1.7 (0.3)

Comfort state at baseline 1.3 (0.5) 0.9 (0.1) 1.5 (0.5)

Comfort state during KC 1.1 (0.5) 0.7 (0.5) 1.2 (0.5)

Comfort increase 0.3 (0.3) 0.2 (0.4) 0.3 (0.2)

Abbreviations: OT, oxytocin; SD, standard deviation; KC, Kangaroo care; Int., Interaction

After inclusion, saliva samples were collected from both twin-siblings twice a day, during 

five consecutive days. Hence, per complete twin (two infants), ten saliva samples were 
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collected during baseline conditions (infants lying in bed or incubator in the absence of 

parental touch), and ten saliva samples during routine KC sessions after at least 30 minutes 

of KC had elapsed. To minimize the potential effect of feeding on the OT concentration, we 

aimed to keep the time between saliva collections and the last moment of feeding before 

that collection equal. Saliva was collected using cotton swabs called Sorbettes (Salimetrics, 

California, USA). For a detailed description of the collection procedure, we refer to Kommers 

et al. 2017 11. After all samples had been collected, pooling of saliva samples was performed 

per complete twin: the harvests from all 10 collections at baseline were pooled into one 1.5 

ml vial and the harvests from all 10 collections during KC into another 1.5 ml vial. Each vial 

thus contained either saliva from collections at baseline, or saliva from during KC.

After each collection, nurses filled in a form (see the appendix of this chapter) to collect 

metadata and contextual determinants, including information about the duration of KC, the 

infant’s state of comfort prior to and during the collections and the parent-infant interaction 

intensity. Two variables (the state of comfort and the parent-infant interaction intensity) were 

measured using a Likert-scale that was developed during our previous feasibility study 11. In 

that feasibility study, the state of comfort was measured during the collection. In the current 

study, the state of comfort was measured prior to and during the collections. A low score 

reflects a more comfortable state. 

The difference in comfort state at baseline versus during KC was calculated as a proxy for 

the comforting effect of KC. For this, the comfort score at baseline was subtracted from the 

score during KC. A higher score reflects an increase in comfort during KC. 

Additionally, the increase in parent-infant interaction from baseline to during KC was 

calculated by subtracting the interaction intensity at baseline from the interaction intensity 

during KC. A high intensity increase reflected a better fit to the study protocol, i.e. absent 

parents during the collection at baseline and an apparently infant-centered parent during 

KC. 

Saliva handling
After finishing a saliva collection, nurses immediately placed the cotton swabs in tubes and 

transferred them to the laboratory for storage at -20 °C. When all samples were collected, 

the tubes were allowed to reach room temperature for 30 minutes. Subsequently, they were 

centrifuged at 4°C 3000r/min for five minutes, after which the saliva was pooled into vials. 

We immediately refroze the filled vials at -20 °C until shipment to RIAgnosis (Munich, 

Germany). There, saliva was analyzed according to the previously described procedure 11,22.
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Data analysis
The Statistical Package for the Social Sciences, 22nd edition (IBM Corp, Illinois, USA) 

was used to examine the difference in OT concentration at baseline versus during KC. 

OT concentrations were first subjected to the Shapiro-Wilk’s test to determine whether 

they met the criteria for normal distribution. Consecutively, depending on the distribution 

either a paired t-test, or a Wilcoxon signed-rank test was employed and the effect size was 

calculated. In addition, similarly to the maternal OT analysis in our feasibility study, vial pairs 

were divided into OT-increasing and OT-decreasing responses to examine whether relevant 

contextual determinants influenced OT-responses during KC 11. Because of the small sample 

size, only the most relevant determinants were subjected to statistical testing and Fisher’s 

exact tests were used for this analysis. Relevance was based on our previous feasibility study 

and on Table 1 (>50% difference between the OT-increase and OT-decrease group). In order 

to perform Fisher’s exact tests, determinants were binarized using their average value as cut 

off point (e.g. a comfort state either above or below average). Finally, the comfort at baseline 

was compared to the comfort during KC to test whether this behavioral marker adequately 

captured the positive effect of KC. 

RESULTS

In total, 11 twins participated in this study (nine dichorionic and diamniotic, two 

monochorionic and diamniotic, 10 females and 12 males) yielding 22 vials filled with 

saliva. Of those 22 vials, 11 contained saliva from collections at baseline and 11 contained 

saliva from collections during KC. Both the OT concentration at baseline (mean 2.40 pg/ml, 

SD 1.64 pg/ml) and during KC (mean 1.39 pg/ml, SD 0.57 pg/ml) were normally distributed 

(Shapiro-Wilk scores were 0.13 and 0.73 respectively). During KC, the OT was lower than 

at baseline (p = 0.03) with a large effect size (Cohen’s d 0.82).

Comfort scores and the intensity of the parent-infant interaction were identified as the 

most relevant determinants based on the feasibility study and Table 1 (>50% difference). 

The greatest difference between the OT-increasing group and OT-decreasing group was 

reported for the comfort at baseline and the parent-infant interaction intensity increase from 

baseline to KC. The average comfort score at baseline was 1.3. This was lower in the OT-
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increasing group (0.9 (SD 0.1)) reflecting more comfort at baseline in this group than in the 

OT-decreasing group (1.5 (SD 0.5)). The average interaction intensity increase was 1.5. This 

was also lower in the OT-increasing group (1.1 (SD 0.3)) than in the OT-decreasing group 

(1.7 (SD 0.3)). 

Fisher’s-exact tests showed that independently comfort at baseline and parent-infant 

interaction intensity did not influence OT responses significantly (p = 0.06), but a combined 

measure of baseline comfort and intensity increase did distinguish OT responses significantly 

((p = 0.01), see Tables 2-4).  

TABLE 2. OT and comfort state at baseline (p = 0.06)

OT + OT -
More comfortable at baseline (comfort score < 1.3) 3 2

Less comfortable at baseline (comfort score ≥ 1.3) 0 6

TABLE 3. OT and parent-infant interaction intensity increase (p = 0.06)

OT + OT -
Parent-infant interaction intensity increase below average (< 1.5) 3 2

Parent-infant interaction intensity increase above average (≥ 1.5) 0 6

TABLE 4. OT and baseline comfort plus parent-infant interaction increase (p = 0.01)

OT + OT -
More comfortable at baseline AND an interaction increase below average 3 0

Less comfortable at baseline OR an interaction increase above average 0 8

Overall, babies appeared significantly more comfortable during KC (mean comfort score 

1.1, SD 0.5) as opposed to baseline (1.3, SD 0.5, 95% CI 0.07 – 0.45, t = 3.10, p = 0.01). 

The effect size of the difference in comfort states was medium (Cohen’s d 0.51). 
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DISCUSSION

In this study, we investigated the difference in salivary OT concentration during KC 

compared to baseline conditions in eleven preterm infant twins. The main observation was 

that the OT concentration decreased during KC. This is remarkable, given that in animals 

and adults, social behaviors such as licking and grooming, and playful interactions are 

mostly accompanied by an increase in OT 23–26. However, as previously stated, OT responses 

are context dependent and both context and physiology differ greatly in preterm infants 

compared to adults, including differences in autonomic regulation with dominance of the 

sympathetic nervous system 27. This dominance of the sympathetic nervous system in preterm 

infants is due to the later maturation of the parasympathetic nervous system and the chronic 

exposure to stress in the NICU 28,29. As stressors are known to initiate an OT release 6,30,31, we 

speculate that a decrease in OT during KC might be explained by higher baseline OT levels 

in preterm infants as a result of an overactive sympathetic system, actuating them to ‘ask’ for 

co-regulation continuously: a ‘cry for help’. Indeed, in our feasibility study the salivary OT 

concentrations at baseline were higher in preterm infants than in their mothers 11.

This hypothesis is further supported by the finding that babies tended to be less 

comfortable at baseline in the OT-decreasing vial pairs. In the one occasion where there 

was more discomfort during KC than during baseline conditions, OT increased. Moreover, 

in addition to less baseline comfort, a higher parent-infant interaction intensity increase was 

also associated with a decrease in OT. We speculate that intense parent-infant interaction 

effectively reduces the high OT levels caused by the stressful environment. 

These findings are strengthened by our research on heart rate variability 15. As can be 

seen in the next chapter, in that study heart rate variability surprisingly decreased during KC, 

even though in adults, a decrease in overall heart rate variability is associated with greater 

cardiovascular morbidity and mortality 32. We speculated that this was due to an immediate 

switch in regulation from dominance of the sympathetic nervous system to dominance of the 

more stable, myelinated branches of the vagal system in response to parental co-regulation 

during KC 33. Such switching between neural mechanisms responsible for regulating the 

neurobehavioral state to deal with environmental challenges is described in the Polyvagal 

Theory and explained in more detail in the next chapter 34. 

In summary, the neural mechanisms that are active in rest in preterm infants appear 

to be different from adults, which can explain the remarkable physiological changes seen 
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during KC 15. In contrast to what would have been expected in adults, both OT and heart 

rate variability decrease in response to KC, a period which is undisputedly associated with 

comfort throughout a NICU stay 10,13,17–19,35. The latter is supported by the increased comfort 

during KC compared to baseline reported in this study. It thus might be the case that in 

preterm infants, the OT release due to parental co-regulation is less pronounced than the 

OT release due to the stressful baseline environment including parent-infant separation. 

Despite differences in the interpretation of parent-infant interaction scores, these findings 

are in agreement with our feasibility study. In that study, apart from one exception, OT 

also decreased when discomfort was high at baseline, but increased when discomfort was 

greater during KC compared to baseline. However, some substantial limitations need to be 

taken into account before drawing conclusions.

First, the required sample size that was calculated based on the results in our feasibility 

study counted 21 twins and this study is based on an interim analysis of 11 twins 11. The fact 

that this smaller sample appeared sufficient can be explained by a high correlation between 

OT measures at baseline and during KC, and smaller standard deviations compared to the 

feasibility study. The difference in standard deviations might be a result of the pooling of 

saliva, which is necessary to analyze OT, but it may introduce bias or an overestimated effect. 

Moreover, in an interim analysis a p-value of 0.03 is on the border of significance, because 

interpreting data from an interim analysis requires taking into account the phenomenon that 

the found effect could have evened out when collecting the rest of the data 36. It is improbable 

that the first half of samples acts differently than the second half, especially when studying 

physiological responses such as OT release, but it cannot be ruled out. Therefore, more 

research on the response of OT in preterm infants is necessary. For instance, this study was 

conducted in twins, assuming that this controls for some of the variability and thus reduces 

bias since twin siblings share the same pregnancy, gestational age and parents. However, it 

would be interesting to replicate the study in singletons.

In the current study, the complete nursing team was involved, potentially generating intra-

observer differences. On the other hand, nurses are very familiar with the COMFORTneo and 

observing parent-infant interaction, and as such, multiple observers increase the reliability 

of overall scores compared to a single observer. Therefore findings suggest that, rather 

than showing a unidirectional pattern, the peripheral OT response depends on baseline 

characteristics and context, as has been demonstrated in several previous studies 25,37,38. 
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Such context dependent or varying results have led critics to raise the question whether 

peripheral OT is a valid marker, or in other words, whether peripheral OT concentrations 

indeed reflect central processes 22. One of the reasons is that the hypothalamus is not the 

only site that produces oxytocin molecules; it is therefore possible that detected peripheral 

OT molecules come from a non-central or even a local origin 39–41. Nonetheless, despite 

being an interesting issue, the origin of OT molecules is less relevant regarding our research 

question; even if the OT would have a local origin, it could still serve as a biological marker 

for a specific aspect of co-regulation. In addition, a positive association between central 

and peripheral OT was reported in a recent meta-analysis 42 and accumulating evidence 

shows that certain stimuli can cause a coordinated release of both central and peripheral  

oxytocin 40,43,44. In preterm infants, having to ask for co-regulation due to a stressful 

environment could be a stimulus evoking both a central and peripheral oxytocin surge, 

resulting in high baseline salivary OT levels. KC could be a stimulus reducing that heightened 

OT level. More research is needed to confirm these findings.

CONCLUSION

The OT concentration in the pooled saliva of preterm infant twins decreased during KC 

compared to baseline conditions. We speculate that this is caused by the stressful experience 

of parent-infant separation at baseline, actuating preterm infants to ‘ask’ for co-regulation 

continuously, resulting in higher baseline OT levels. Indeed, OT responses were influenced 

by the babies’ comfort state at baseline and parent-infant interaction intensity. 
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APPENDIX

FORM FOR NURSES
 
Age (weeks + days):  Baby 1:………. Baby 2: ………… 
Weight (g):   Baby 1:………. Baby 2: ………… 
Breastmilk / formula: ……….     
Does mom receive intranasal OT   yes / no? 
How would you rate the maternal milk production:  not good / normal / good

Collection IN BED
Date..... - …… - ………, time baby 1: ……..:……,       time baby 2: ……..:…… 
Time since previous feed (min):  Baby 1:………. Baby 2: ………… 
Content previous feed baby 1: ……... ml per breast, …………...ml per bottle, ………... ml per tube (BM / FF) 
Content previous feed baby 2: ……... ml per breast, …………...ml per bottle, ………... ml per tube (BM / FF) 

Situation just before and during collection in bed  Baby 1:  0 1 2 3 4 
 Baby 2:  0 1 2 3 4

0 = Maternal absence 
1 = Maternal presence but silent and without touching 
2 = Maternal presence, her voice was audible but speech not directed at infant 
3 = Maternal presence including infant-directed speech 
4 = Maternal presence plus some touching of for instance the head 

State of comfort just before and during collection in bed Baby 1:  0 1 2 3 4 
State of comfort just before and during collection in bed  Baby 2:  0 1 2 3 4

0 = Continuously normal, relaxed facial expression according to COMFORTneo 
1 = Totally relaxed facial expression for almost all of the time (minus 2 seconds) 
2 = Relaxed facial expression for most of the time (minus <10 seconds) 
3 = A lot of times a not totally relaxed expression (>10 seconds <1 minute) 
4 = A continuously intolerant expression or crying (abortion of the collection) 

Collection DURING KANGAROO CARE (KC) 

Date..... - …… - ………, time baby 1: ……..:……   time baby 2: ……..:…… 
Duration of KC (min)  Baby 1:………. Baby 2: …………  
Time since previous feed (min): Baby 1:………. Baby 2: …………. 
Content previous feed baby 1: ……... ml per breast, …………...ml per bottle, ………... ml per tube (BM / FF 
Content previous feed baby 2: ……... ml per breast, …………...ml per bottle, ………... ml per tube (BM / FF) 
 

Situation just before and during collection during KC Baby 1:  0 1 2 3 4 
 Baby 2:  0 1 2 3 4

0 = Mother seemed somewhat stressed or distant toward the infant 
1 = Mother was not stressed, but provided no extra vocalizations or caressing 
2 = Some infant-directed vocalizations and extra caressing were provided 
3 = Frequent infant-directed vocalizations and extra caressing were provided 
4 = Constant infant-directed vocalizations and extra caressing 
State of comfort during KC just before and during collection Baby 1:  0 1 2 3 4 
State of comfort during KC just before and during collection  Baby 2:  0 1 2 3 4

0 = Continuously normal, relaxed facial expression according to COMFORTneo 
1 = Totally relaxed facial expression for almost all of the time (minus 2 seconds) 
2 = Relaxed facial expression for most of the time (minus <10 seconds) 
3 = A lot of times a not totally relaxed expression (>10 seconds <1 minute) 
4 = A continuously intolerant expression or crying (abortion of the collection)
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ABSTRACT

Objective: To determine whether heart rate variability (HRV) can serve as a surrogate 

measure to track regulatory changes during Kangaroo care (KC), a period of parental co-

regulation distinct from regulation within the incubator. 

Study design: Nurses annotated the starting and ending times of KC for 3 months. The 

pre-KC, during-KC, and post-KC data were retrieved in infants with at least 10 accurately 

annotated KC sessions. Eight HRV features (5 in the time domain and 3 in the frequency 

domain) were used to visually and statistically compare the pre-KC and during-KC periods. 

Two of these features, capturing the percentage of heart rate decelerations and the extent of 

heart rate decelerations, were newly developed for preterm infants. 

Results: A total of 191 KC sessions were investigated in 11 preterm infants. Despite clinically 

irrelevant changes in vital signs, 6 of the 8 HRV features (SD of normal-to-normal intervals, 

root mean square of the SD, percentage of consecutive normal-to-normal intervals that differ 

by >50 ms, SD of heart rate decelerations, high-frequency power, and low-frequency/high-

frequency ratio) showed a visible and statistically significant difference (p < 0.01) between 

stable periods of KC and pre-KC. HRV was reduced during KC owing to a decrease in the 

extent of transient heart rate decelerations. 

Conclusion: HRV-based features may be clinically useful for capturing the dynamic changes 

in autonomic regulation in response to KC and other changes in environment and state. 
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INTRODUCTION

Kangaroo care (KC) refers to a period of direct skin-to-skin contact in which infants 

are placed in the prone position on a parent’s naked chest. KC is considered safe 

and has been reported to reduce morbidity and mortality, even in extremely preterm  

infants 1,2. It is associated with important physiological benefits, including promoting quiet 

sleep, enhancing thermoregulation, and reducing crying/fussy behavior 3, and it can mitigate 

physiological responses to procedural pain 4,5.

This indicates that parental co-regulation is superior to regulation within the incubator 

environment, and that KC positively influences autonomic regulation 6. The ability to track 

and quantify any changes that occur because of KC may aid in detecting and establishing 

patterns of improved regulation in preterm infants and may offer opportunities to enhance 

neurodevelopmental care and homeostatic regulation.

The role of the autonomic nervous system in controlling homeostatic regulation can be 

evaluated by tracking cardiorespiratory variables, including heart rate (HR), respiratory rate 

(RR), oxygen saturation (SpO2), and temperature. Previous studies have shown that these 

variables remain stable during KC 7, supporting the conclusion that KC is safe; however, this 

finding in itself does not provide insight into the underlying physiological changes triggered 

by KC.

The physiological phenomenon of HR variability (HRV, defined as the variation in 

intervals between consecutive heartbeats) can provide additional physiological insight into 

these regulatory changes. HRV reflects the dynamic, rapidly occurring changes in autonomic 

regulation caused by the primary systems controlling the HR. In addition to humoral factors, 

the sympathetic nervous system (SNS) and the parasympathetic nervous system (PSNS) can 

influence HR instantly, that is, from beat to beat 8,9. Multiple features analyzing these beat-

to-beat changes have been constructed and studied in adults, with at least some consensus 

regarding their interpretation. For instance, the SD of the R-R peak intervals reflects overall 

variability, whereas differences in successive R-R intervals largely reflect PSNS activity 8. 

HRV has been less thoroughly explored in neonates, however.

Moreover, the behavior of the neonatal heart, particularly in the premature neonate, 

is significantly different from that of the adult heart, reflecting underlying differences in 

autonomic regulation. This suggests that interpretations of HRV-based features in neonates 

may differ from those of adults 9,10. For example, unlike adults, neonates display a significantly 
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larger range of variation in HR and RR and are prone to both acute tachycardia and 

bradycardia 9,11, suggesting that HRV features should account for this intrinsically different 

aspect of neonatal physiology.

Although KC has been shown to enhance autonomic maturation 12, to date few studies 

have examined the dynamic changes in HRV during KC, notably without consensus on the 

findings 13,14. No studies have visualized changes in HRV during KC and compared it with 

HRV while the neonate was in the incubator. We hypothesized that regulatory changes in 

preterm infants can be captured using HRV-based features. We used HRV-based features 

to track regulatory changes that occur as a result of KC, a period of improved regulation. 

We also analyzed HR, RR, SpO2, and temperature to provide a holistic perspective on 

regulation.

METHOD

Máxima Medical Center has an 18-bed, level III, tertiary NICU with private rooms in which 

KC is practiced routinely. Parents are encouraged to perform KC for durations of 60 minutes 

or longer. Routine patient monitoring continues during KC, including electrocardiography 

(ECG), HR, RR (using impedance pneumography), SpO2, and temperature (measured in 

the diaper). The patient monitors (IntelliVue MX 800; Philips, Hamburg, Germany) have 

the provision to save the variable data (HR, RR, SpO2, and temperature; one value every 

minute) and the 3-lead ECG data (sampled at 125 Hz) of the past 72 hours of measurement. 

Notably, ECG sampled at 125 Hz has proven to be sufficient for determining HRV-based 

features 15. 

For this study, nurses annotated all KC sessions by recording the start time (placement 

on parental chest) and the end time (placement into the incubator) of kangarooing for each 

session over a 3-month period between August and October 2015. This study was part of a 

comprehensive observational perinatal monitoring research program (IMPULS 1) conducted 

at Máxima Medical Center, in collaboration with Eindhoven University of Technology and 

Philips Research. The local Ethical Committee provided approval. 

We selected neonates with more than 10 annotated KC sessions within the study period, 

to account for intrapatient variability and maturational differences. This yielded 220 KC 

sessions from 11 neonates (6 males and 5 females). We excluded KC sessions in which 
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infants were mechanically ventilated or diagnosed with an infection, a congenital anomaly, 

or a severe brain pathology (periventricular leukomalacia or intraventricular hemorrhage 

grade III/IV). In addition, the KC sessions had to last 1 hour or longer, have data for at least 

1 hour in the pre-KC and post-KC periods, and not overlap with the post-KC/pre-KC period 

of another KC session within the same infant. Table 1 characterizes the patient metadata at 

birth (first 2 rows) and across the KC sessions in this study.

TABLE 1. Patient characteristics at birth and on the days corresponding to KC sessions

Characteristics Median 25th percentile 75th percentile

Gestational age (weeks) 28.3 26.2 29.0

Birth weight (g) 950 836 1273

No. of KC sessions in each infant 9 9 24.2

Duration of KC sessions (min) 83 70 106.5

No. of days first till last KC session 16 10.5 30

PMA during first KC session 28.6 27 29.6

PMA for all KC sessions 30.1 28.7 31.1

Postnatal day for all KC sessions 18 10 24.2

Legend: Abbreviations: KC, Kangaroo care; PMA, Post menstrual age

To observe regulatory changes in infants as a result of KC, we compared HRV features visually 

and statistically for the pre-KC and during-KC periods. For the purpose of visualization, we 

chose to retrieve data for the 60 minutes before KC, for the variable duration of KC, and for 

the 60 minutes after KC. Because the duration of KC was variable, but at least 60 minutes 

long, the first 30 minutes and the last 30 minutes of each KC session were retained for 

visualizations (Figure 1).

For statistical analyses of parameter data (vital signs) and HRV features, stable epochs 

were determined in the pre-KC and during-KC periods (Figure 1). We determined that the 

first 30 minutes of the pre-KC epoch are stable, whereas in the last 30 minutes, nursing care 

events, such as diaper changes, occur with or without parental assistance. The period of 

KC itself was assumed stable after 15 minutes, allowing for the decay of any physiological 

changes arising from the transition. Therefore, the first 30 minutes of the pre-KC period were 

compared with the 30-minute epoch in between the 16th and 45th minutes of KC (displayed 

as the 76th-105th minutes of continuous data in Figure 1). The median and interquartile 
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ranges for the mean values of the HRV features corresponding to these 30-minute epochs 

were calculated.

The variable values of HR, RR, SpO2, and temperature were sampled every minute and 

required no further processing. The median and interdecile ranges of the mean values of the 

stable 30-minute epochs from the pre-KC and during KC periods were calculated.

FIGURE 1. An illustration of the methodology.  
The pre-Kangaroo care (KC) and post-KC sessions are 60 minutes long. The duration of KC can vary (first 
30 minutes + ΔT + last 30 minutes), and thus the first 30 minutes and the last 30 minutes of KC are used for 
visualization. Tx and Ty represent the time to transfer the baby from the incubator to parental chest and vice 
versa. A refers to the first minute on the parent’s chest; B, to the first minute back in the incubator. The first 30 
minutes of data (pre-KC period) and the 76th to 105th minutes of data (during KC) are used as stable epochs for 
statistical comparisons.
 

We used a peak detection algorithm to detect the R-wave peaks in the ECG recordings 

and calculate the R-R intervals, also called normal-to-normal intervals (NN intervals), 

corresponding to the time intervals between successive normal heartbeats (e.g., not ectopic) 
16. As a first step, we built normalized histograms for the concatenated pre-KC, during KC, 

and post-KC periods for visualizing the variations in NN intervals. We did this using a bin 

size of 20 ms; NN intervals <200 ms and >600 ms were rejected on an empirical basis. 

Consecutively, time domain features were obtained by calculating the SD of the NN intervals 

(SDNN), the root mean square of the successive differences in NN intervals (RMSSD) and 
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the percentage of consecutive NN intervals that differed by >50 ms (pNN50) every minute 

using data from the previous 5 minutes. 

Consecutively, because transient repetitive HR decelerations are potentially a sign of 

distress/illness 17,18, yet still a component that increases HRV, we developed a feature that 

we call percentage of decelerations (pDec), defined as the percentage of NN intervals longer 

than the mean NN interval of the previous 5 minutes. This feature aims at explicitly extracting 

variations in HRV arising from decelerations. The magnitude of decelerations (because a HR 

decelerating to 120 bpm differs from a deceleration to 60 bpm) was captured in the SD of 

deceleration (SDDec), which is defined as the SD of all NN intervals that contribute to pDec.

We also performed frequency domain analysis after resampling the NN intervals at a 

frequency of 20 Hz along a uniform time axis using linear interpolation and calculating 

the discrete Fourier transform each minute using a moving-average window of 5 minutes 

on detrended data. In adults, low frequency (LF) variation reflects SNS-driven baroreceptor 

activity and high frequency (HF) variation captures the vagally mediated respiratory sinus 

arrhythmia, resulting in a LF/HF ratio reflective of the sympathovagal balance. We calculated 

the LF power, HF power, and LF/HF ratio after defining the LF and HF bands as 0.04-0.15 Hz 

and 0.4-1.5 Hz, respectively. Table 2 provides an overview of the eight HRV features that we 

used and their corresponding physiological interpretations in adults.

We calculated the mean ± SEM values every minute for all HRV features using a moving-

average window of 5 minutes. Because there can be differences in baseline values between 

different infants or between different KC sessions within the same infant (e.g., because of 

maturation), we performed baseline removal by subtracting the mean value of each feature 

in the first 30 minutes of pre-KC from its corresponding time series.
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TABLE 2. Overview of the heart rate variability features used in this study and the 
physiological implications of those features in adults

HRV feature Unit Description Physiological implication in adults 8,9

SDNN ms Standard deviation of the NN-intervals 
within a time-window.

Reflects overall variability and represents 
the beat-to-beat control mechanisms of 
both the SNS and the PSNS systems.

RMSSD ms Square root of the mean of the squares of 
successive differences between adjacent 
NN-intervals within a time-window.

Reflects high frequency variations, 
predominantly responds to changes 
in vagal tone, especially respiratory 
associated changes.

pNN50 % Percentage of adjacent NN-intervals 
differing by more than 50 ms within a 
time-window.

Reflects high frequency variations, 
predominantly responds to changes 
in vagal tone, especially respiratory 
associated changes.

LF ms2 Low frequency power in a time-window. Changes associated with baroreflex 
(mostly a sympathetic reflex).

HF ms2 High frequency power in a time-window. Changes associated with respiration 
(mostly a parasympathetic reflex).

LF/HF n.u. Ratio of LF to HF power Sympathovagal balance

pDec % Percentage of NN-intervals that are longer 
than the mean of NN-intervals within a 
time-window.

New feature; Captures decelerations in 
HR.

SDDec ms Standard deviation of NN-intervals that 
are longer than the mean of NN-intervals 
within a time-window.

New feature; Captures extent of 
decelerations.

Legend: Abbreviations: HRV, heart rate variability; SDNN, standard deviation of normal-to-normal interval 
(NN), RMSSD, root mean square of successive difference; pNN50, percentage of successive NN-intervals that 
differ more than 50ms; pDec, percentage decelerations; SDDec, standard deviation of deceleration; LF, low 
frequency; HF, high frequency; LF/HF, low frequency / high frequency ratio; n.u., normalized unit.

Statistical Analyses
We compared the differences in the mean values of the variable data and the HRV features 

corresponding to the stable epochs of the pre-KC and during-KC periods using the 2-sided 

paired Wilcoxon signed-rank test. We used a left-tailed Wilcoxon rank-sum test for the 

concatenated pre-KC and during-KC NN intervals to test the hypothesis that the median NN 

intervals were higher during KC (i.e., lower HR). A p-value of .01 was considered significant.
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RESULTS

We analyzed data from the 30-minute stable epochs during KC for changes in vital signs 

and HRV features compared with the pre-KC incubator period, in a total of 191 KC sessions 

provided to 11 preterm infants. For vital signs, small changes were seen in HR and RR  

(p < .01). For the pre-KC and during-KC epochs, the median (interdecile) values for HR were 

159 (146-170) and 156 (145-167), respectively, and 49 (42-62) and 47(38-61), respectively, 

for RR. 

The normalized histograms of the NN intervals corresponding to the periods of the 

concatenated pre-KC, during-KC, and post-KC data are shown in Figure 2. Overall, there 

was a greater percentage of shorter NN intervals in the pre-KC period than in the during-KC 

period (p < 0.001). 

FIGURE 2. Normalized histograms of the pre-KC (blue), during-KC (red), and post-KC 
(green) NN intervals for the concatenated kangaroo care sessions.  
There are significantly more short NN intervals in the pre-KC period (p < 0.001, Wilcoxon rank-sum test), 
suggesting a higher HR during this period. 
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Our in-depth analysis of the dynamic changes in NN intervals in response to KC using the 

8 HRV features for the pre-KC period, the first 30 minutes of KC, the last 30 minutes of KC, 

and the post-KC period is shown in Figure 3. All features responded notably to the transition 

from the incubator to the parent’s chest and vice versa. Six of the eight features (all but pDec 

and LF power) showed a significant change between the pre-KC and during-KC periods  

(p < .01) (Table III).

TABLE 3. The median and interquartile ranges for heart rate variability features 
corresponding to the stable pre-KC and during-KC periods

HRV-features Pre-KC During KC p-value

SDNN (ms) 42 [21-79] 29 [18-65] 0.0025

RMSSD (ms) 40 [15-79] 25 [12-53] 0.0001

pNN50 (%) 2.3 [0.5-10.3] 1.3 [0.3-5.3] 0.0036

pDec (%) 39 [29-45] 39 [30-45] 0.70

SDDec (ms) 60 [26-157] 41 [19-124] 0.0003

LF-power (ms2) 781 [168-4486] 459 [110-2470] 0.0154

HF-power (ms2) 513 [64-1877] 165 [37-1311] 0.0001

LF/HF ratio (n.u.) 2.8 [1.6-4.9] 3.5 [1.8-6.7] 0.0001

Legend: As the transition from the incubator to the parental chest may affect physiology, the 30-min period 
between the 16-45th min from the start of KC (=during KC) is considered to be stable and used for statistical 
comparisons (two-sided paired Wilcoxon signed rank test) with the stable 30-minute period at the start of 
pre-KC. Abbreviations: HRV, heart rate variability; KC, Kangaroo care; SDNN, standard deviation of normal-
to-normal intervals (NN), RMSSD, root mean square of successive differences between NN-intervals; pNN50, 
percentage of successive NN-intervals that differ by more than 50ms; pDec, percentage decelerations; 
SDDec, standard deviation of decelerations; LF, low frequency; HF, high frequency; LF/HF, low frequency to 
high frequency ratio; n.u., normalized units.
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FIGURE 3. Time series of the eight HRV features. 
Mean ± SEM values are shown for the pre-kangaroo care (KC) period (T1), the first 30 minutes of KC (T2), the 
last 30 minutes of KC (T3), and the post-KC period (T4). The vertical line between T2 and T3 is a gap of variable 
length, because KC durations can exceed 60 minutes. Tx and Ty represent the periods of transfer from the 
incubator to the parental chest and vice versa. The y-axes represent the normalized values of HRV features. A, 
SDNN; B, RMSSD; C, pNN50; D, pDec; E, SDDec; F, LF power; G, HF power; H, LF/HF.
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DISCUSSION

In this study, we analyzed the effect of KC on features of HRV by investigating 191 KC 

sessions in 11 preterm infants. Six features, the SDNN, RMSSD, pNN50, SDDec, HF power, 

and LF/HF, showed statistically significant and clearly visible differences in the during-

KC period compared with the pre-KC period, and changes in vital signs were small and 

clinically irrelevant. Although stable vital signs during KC have been reported previously 
1,2,7, our study used HRV to show changes in autonomic regulation as a result of KC.

KC is a highly comfortable period for both the baby and the parent, and thus it is assumed 

to represent a state of improved regulation in an infant 1,2,7,4,6,5. The time domain measures 

of HRV (SDNN, RMSSD, and pNN50; Table 2) decreased during KC. This was remarkable, 

given that in adults, a decrease in overall HRV is associated with greater cardiovascular 

morbidity and mortality 9. However, cardiorespiratory physiology in preterm infants differs 

greatly from that in adults; for example, preterm infants are prone to rapid and transient HR 

decelerations, which can lead to a flawed interpretation of overall HRV. Figure 2 indirectly 

supports this concept; even though HR was higher in the pre-KC period (i.e., a larger number 

of short NN intervals), there was a similar number of longer NN intervals, suggesting the 

presence of extensive decelerations.

Moreover, previous studies in the context of detecting neonatal sepsis have shown that 

abnormal HR characteristics include transient HR decelerations in addition to the normal 

variability 19. To capture these effects, we constructed two new features, the pDec and the 

SDDec, to study the number and extent of decelerations, along with using existing features 

to study overall HRV. Although the percentage of decelerations (pDec) remained remarkably 

similar in the during-KC and pre-KC periods, the magnitude of deceleration (SDDec) 

decreased during KC. This finding suggests that fewer instances of extreme, transient 

bradycardia result in a decrease in overall HRV (SDNN, RMSSD, and pNN50) during KC. 

Notably, more extreme decelerations can be seen during the stressful period corresponding 

to patient handling just preceding the start of KC and both periods of transfer.

We hypothesize that this instability leads to higher HRV as a result of an immature 

autonomic nervous system and a dominant SNS that tends to overshoot during 

autoregulation. The SNS is a slower-acting system, normally prevailed by the quicker, 

cholinergic, myelinated PSNS innervation 8. The dominance of the SNS after preterm birth 

has been reported previously, and is most likely a result of delayed maturation of certain 
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PSNS branches (peaking at 31-38 weeks of gestational age and maturing beyond term) 9,20–22. 

In addition, chronic exposure to stress in the NICU also might lead to a dominant SNS 23. In 

neonates, chronic stress has been shown to disturb the stress axis functioning, likely causing 

an overactive and unstable sympathetic system 6,24,25. The assumption that higher levels of 

HRV reflect instability is supported by the fact that the SDNN, RMSSD, pNN50, and SDDec 

values appeared to be highest during the second one-half of the pre-KC period, a period in 

which patient handling frequently occurs.

We speculate that the immediate decrease in these HRV features during KC may be 

caused by a switch in the neural mechanisms responsible for regulating the neurobehavioral 

state to deal with environmental challenges, previously reported as Porges’ Polyvagal 

Theory 26,27. Two primitive mechanisms appear to be active in the pre-KC period. These 

involve the dorsal branch of the vagus, responding to challenges with immobilization 

and freezing of regulatory systems, and the SNS, which is necessary for the ‘fight or flight’ 

mode, but suboptimal for subtle regulation. A third mechanism, uniquely mammalian, 

involves a myelinated branch of the vagus and thus enables rapid regulation of cardiac 

output. The decreases in SDNN, RMSSD, pNN50, and SDDec seen during KC (Table 3) 

may represent the rapid transition from the dominant unmyelinated PSNS and the SNS 

to the more stable regulation offered by the myelinated vagus in response to parental co-

regulation. The myelinated vagus is also neuroanatomically linked to other cranial nerves 

that are responsible for regulating social engagement and for responding to challenges by 

engaging in calming/soothing behavior through social communication 27. The existence 

of a rapid parasympathetic vagal reflex has been reported even in extremely preterm  

infants 28. The higher time domain HRV values with increasing gestational age reported in 

multiple longitudinal studies could also be the result of a developmental shift in the balance 

between these mechanisms 29,30.

This study challenges the interpretation of HRV features in the frequency domain for 

preterm infants. For instance, in adults, the HF power is believed to reflect vagal activity 

from the myelinated branches, whereas in preterm infants, the balance between myelinated 

and unmyelinated vagal activity might be altered. In a study in which atropine, a PSNS 

blocker, was administered to 12 preterm infants aged 26-32 weeks, the LF power decreased 

more than the HF power 28. This suggests that in preterm infants, the PSNS makes a relatively 

large contribution in the LF, requiring a different interpretation of LF/HF. In the present 

study, LF/HF increased during KC, in contrast to what would have been expected in adults. 
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The HF power decreased significantly, likely because decelerations were less extreme and 

contributed fewer HF components to the total signal. These findings and the results of 

previous studies suggest that in preterm infants, relaxation or the sympathovagal balance 

is not captured by the LF/HF ratio 28,13,31,32. It is also possible that an increased sympathetic 

drive in response to KC could account for the rise in LF/HF; however, numerous reports of 

increased parasympathetic behavior in response to KC suggest otherwise 1,2,7,4,6,5.

Other research investigating HRV in preterm infants (with or without additional stimuli, 

like a heel prick) supports our findings in the frequency domain for routine KC 13,32,14,33,34. 

Nonetheless, this study has several limitations that need to be taken into account. Changes 

in sleep stages could have contributed to the HRV changes 22,35, although the rapid onset of 

HRV alterations after transfers suggests otherwise. We assume that changes in blood pressure 

and the change in position from the incubator to KC are covariates that are more relevant. 

In addition, mothers often start preparing for ending KC before the transfer by waking up, 

changing position, calling the nurse, and other actions. We believe that this is why the 

last period of KC (leading up to Ty; Figure 3) shows a dampened response. Despite these 

limitations, KC might be a well-controlled setting for observational studies investigating 

HRV in a NICU. Another limitation is the possibility of timing errors in the nurse annotations 

of KC. In addition, responses to KC might depend on the sex of the infant, whether KC was 

performed by the mother or the father, and on the infant’s age. Because HRV values vary 

with age (both gestational and postnatal), it is difficult to interpret them in a heterogeneous 

population without correction for maturation 8. Nonetheless, in this study, each infant was 

his or her own control, and changes in HRV rather than absolute values were studied. 

Finally, infants did not contribute equal numbers of KC sessions to the study, potentially 

skewing the findings because of habituation to KC. However, even after removing the 

contributions of infants one at a time, HRV features responded to KC in a similar fashion. 

Moreover, the baseline removal carried out for all features inherently adjusts for interpatient 

and intrapatient differences in baseline.

Our findings suggest that it is possible to track changes in autonomic regulation across 

periods of KC and quantitatively establish states of increased comfort. In the future, this 

technique has the potential for use as a comfort tracker. Moreover, the visualization of a 

physiological response to KC allows nurses to promote KC and increase the involvement of 

family. Furthermore, as can be seen from the HRV features in Figure 3, there appears to be a 
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lasting impact of KC even after the infant is moved from the parent’s chest to the incubator, 

an important topic for future studies.

CONCLUSION

In this study, we used features based on HRV to quantify and visualize changes in regulation 

as a result of KC. We developed two new features to independently study the contribution of 

transient decelerations to HRV. We found significant changes in HRV during KC relative to 

the pre-KC period, despite clinically insignificant changes in vital signs.
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ABSTRACT

Aim: To obtain empirical evidence about whether the effects of Kangaroo care (KC) on infant 

behavior in our NICU are the same as the effects reported in literature, and to identify unit-

specific barriers for performing KC. 

Method: We conducted a qualitative study in which nurses in training observed mother-

infant KC sessions, focusing on signs of relaxation, sleep-wake state, and crying. After the 

observations, the nurses interviewed the mothers to evaluate their observations. 

Results: Both nurses observed five KC sessions. Infants appeared calm and asleep most of 

the time and none of the infants cried. During the interviews, mothers confirmed that their 

infants were more comfortable during KC as opposed to in the incubator. Mothers also 

stated to feel “useful” and feel “like a mother” during KC. These findings are in agreement 

with literature and as such, they confirm that KC positively effects behavior. However, all 

mothers also reported specific barriers such as distraction by monitor alarms and fear to 

loosen the grip on the baby. Nurses can help overcome these barriers. 

Conclusion: KC has a positive effect on mothers and on infant behaviors. KC routines can be 

optimized through for instance enhanced mother-nurse communication via a KC evaluation 

form, and by actively encouraging and coaching parents to perform KC. 
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INTRODUCTION

The effect of Kangaroo care (KC) on infant behavior has been studied frequently 1. Throughout 

literature, KC is undisputedly described to reduce stressful behaviors in preterm infants 2, 

even though it is difficult to define or quantify such behaviors 3. Even very early born and 

fragile infants display communicative behaviors 4,5. 

These behaviors were divided into four categories by Heidelise Als to enable assessment 

of the individual development of preterm infants along these four specific developmental 

trajectories, all reflected by specific behaviors: the autonomic system, the motor system, the 

state system with special emphasis on the emerging attention system, and the self-regulation 

system 5.  

Als stated: “The autonomic system’s behavioral communication signals include respiration 

patterns, color fluctuations, and visceral responses such as spitting up, gagging, hiccoughing 

and bowel movement strains, among others. The motor system’s behavioral communication 

signals include muscle tone of trunk, extremities, and face ranging from well-modulated, 

to flaccid or hypertonic; as well as postures and movement patterns, such as finger splays, 

arching, grimacing, and tucking, among others. The behavioral communication signals of 

the infant’s state system, which defines the infant’s level of awareness, include the infant’s 

range of states such as sleeping, wakefulness, and aroused upset, the patterns of transition 

from state to state, and the robustness and modulation of each of the states. The infant’s self-

regulation system behaviors indicate how and to what extent the infant makes spontaneous 

efforts to rebalance and bring into harmony the three other systems when they have moved 

out of balance; how successful the infant’s own strategies and efforts are in doing so; as well 

as how easily and to what extent the infant may accept and make use of a caregiver’s or 

examiner’s facilitation of balance and subsystem harmonization.” 5 Assessing these specific 

infant behaviors provides valuable information for caregivers to optimally co-regulate 

preterm infants and thereby prevent, or at least reduce stress, discomfort or pain 3. 

White-Traut et al. assessed such specific behaviors during KC versus when in the incubator in 

terms of engagement and disengagement. They reported to observe very little disengagement 

during KC, with infants mainly demonstrating a relaxed posture, open hands, an open 

mouth, slow limb movement and a relaxed face 4. To the best of our knowledge, White-Traut 
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et al. are the only ones assessing such specific infant behaviors during KC. The effect of KC 

on sleep and crying behavior on the other hand has been investigated frequently. In her 

guideline on how to implement KC, Ludington-Hoe states: “Infants appear relaxed, calm 

and fall asleep easily during KC” 1.

Indeed, A-level evidence, including a Cochrane review, supports the use of KC to 

promote sleep in infants; KC increases both the length of time in sleep, as well as the 

amount of quiet sleep. Furthermore, KC enhances the integrity of sleep and matures the 

sleep organization 6–8. 

A-level evidence also exists for KC as a way to reduce and prevent crying 8–12. Infants cry 

less during KC than when in an incubator 6,13,14. In fact, in one of the clinical studies leading 

up to the guideline for implementing KC Ludington-Hoe literally states, “Kangaroo care is 

an efficient method for preventing, minimizing, and halting crying. During kangaroo care, 

crying is virtually nonexistent.” 15 Moreover, when painful procedures are performed during 

KC, the pain response is diminished 16. Thus, there seems to be consensus about the positive 

behavioral effect of KC on sleep and crying 17–21 , a conclusion that is also drawn by Charpak 

et al. after investigating the effects of Kangaroo mother care over the course of 25 years 22. 

However, in our NICU, the effect of KC on infant behavior has not been studied before. 

Therefore, the aim of this nursing graduation project was to obtain empirical evidence about 

whether the effects of Kangaroo care (KC) on infant behavior in our NICU are the same as 

the effects reported in literature, and to identify unit-specific barriers that can be used to 

improve KC routines.

METHOD

Study design
We conducted a qualitative study in which nurses in training (Figure 1) observed mother-

infant KC sessions, focusing on signs of relaxation, sleep-wake state, and crying using a 

checklist (see the appendix of this chapter). In addition, the nurses observed maternal 

behaviors and mother-infant synchrony. Mothers had given informed consent prior to the 

observation, and the observation started after about 15 minutes of KC had elapsed so that 
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mother and infant had settled. After the observations, the nurses were assigned to transcribe 

their observations and check them with the mothers during an interview. The interviews 

were audiotaped and consecutively transcribed as well. All mothers who performed KC on 

their baby were eligible if babies were not ill or cardiorespiratory unstable. The medical 

ethical committee of Máxima Medical Centre approved this study. 

Data analysis
A qualitative data analysis was performed by categorizing and combining findings from 

the observational checklist (see the appendix of this chapter) and the interview transcripts. 

Those transcripts were open-coded, axially coded, selectively coded and thematized. 

Subsequently, the themes were described and endorsed with quotes from mothers. Finally, 

a recommendation was written to improve KC routines in our unit. 

FIGURE 1.  Cover of the portfolio of this project made by the nurses in training
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SUMMARY OF THE RESULTS

Both nurses observed five instances of KC during the course of one month in infants with 

a mean gestational age of 28 weeks and three days and a mean postmenstrual age of 32 

weeks and three days. After transcribing the observations and interviews, the nurses agreed 

upon categorization into infant behaviors, maternal behaviors, mother-infant interaction 

and barriers. Infant behaviors were further categorized into fussy/stressed sounds, interactive 

sounds and being asleep or awake. Maternal behaviors were further categorized into 

vocalizations (motherese), signs of stress, or signs of comfort. Interactions were described as 

audible, visual, or audio-visual, initiated by either the mother or the infant, and synchronized 

or not synchronized. 

Infant behaviors
Both nurses reported that none of the infants cried. Infants made sounds that seemed to 

reflect satisfaction regularly, and all infants showed signs of sleepiness or relaxation for most 

of the time. Some infants occasionally showed signs of discomfort, which was difficult to 

recognize for the nurses but which was confirmed by the mothers in the interviews. Mothers 

also confirmed that according to them, their infants were most comfortable during time 

spent in KC. 

Maternal behaviors
Mothers were comfortable during KC. They had a laid-back posture and their breathing was 

regular and slow. Their facial expression was relaxed and they closed their eyes regularly. In 

the interviews, mothers confirmed to “really like” performing KC. “Kangarooing is the only 

time when you really feel like a mother”. Two of the most notable behaviors during KC were 

talking to the infant and watching the infant by using the mirror. Mothers also inspected the 

monitor occasionally. In the interviews mothers confirmed to be distracted by the monitor 

screen and by monitor alarms from time to time. 

Mother-infant interaction
Behavioral synchrony was observed regarding eye contact and sounds. The infant usually 

initiated such synchronous interaction by demonstrating to be ready to interact. Mothers 

mostly responded by speaking to the infant in motherese. All mothers reported that this 
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motherese-speech affected their infant in a positive way. In addition, by affecting their infant 

in a positive way, it also affected mothers in a positive way. All mothers mentioned to be 

more comfortable when their infant was more comfortable. On the other hand, distress 

of the infants clearly affected the mothers as well, especially when monitor alarms were 

involved. 

Barriers
Monitor alarms were the most frequently mentioned barrier during KC, all mothers 

mentioned this. Three mothers mentioned having fear to fall asleep and thereby loosen the 

grip on their baby. One of these three mothers reported never to sleep during KC. The others 

said to overcome their fear when their infant and the environment were very calm. These 

two mothers reported to appreciate nurses checking in from time to time especially when 

falling asleep, whereas other mothers reported to prefer not to be disturbed. Together, all 

mothers noted three important tasks for nurses to provide optimal KC experiences to mother 

and infant. These tasks were to form a trust band with the mother to create an environment 

in which mothers feel free to perform KC frequently, to identify the specific wishes of the 

mother, and to explain monitor alarms or distress during KC when requested. However, 

nurses did not always have enough time for this.

Based on the results the nurses in training recommended to implement a short and 

specific KC evaluation form for mothers to communicate their KC experiences to the NICU 

nurses in order to improve KC routines in our unit (see the appendix of this chapter). 

DISCUSSION

In this graduation project, nurses in training collected empirical evidence demonstrating 

positive effects of KC on infant behavior. Infants appeared calm and were asleep most of 

the time and none of the infants cried. Indeed, all mothers reported their infants to be more 

comfortable during KC as opposed to in the incubator. Additionally, mothers described KC 

as an extremely positive experience, making them feel useful and “raising their maternal 

feelings”.

These findings are in agreement with literature and as such they confirm that KC 

positively effects mothers and infant behavior 1,23. However, some limitations need to be 
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taken into account. First, this study was performed in a small sample of mothers. Second, 

in our hospital, behaviors of comfort or distress are routinely analyzed three times per 24 

hours using the COMFORTneo 24. The COMFORTneo consists of seven subscales, including 

a separate scale for alertness or sleep-wake state, anxiety, breathing, crying, and three states 

for motor behaviors (body behaviors, facial expressions and muscle tone). All subscales are 

scored on a Likert-scale from 1-5 and a higher score indicates more discomfort, except for the 

sleep-wake subscale, in which a higher score indicates increased alertness. Unfortunately, it 

requires some experience with observing preterm infants to use the COMFORTneo, so the 

nurses in training could not use this scale. Nonetheless, their qualitative findings combined 

with the literature about behavior during KC convincingly suggest that KC should lower the 

scores on the COMFORTneo (and simulating KC should thus have the same effect).

Ideally, a double-blinded quantitative study investigating differences in COMFORTneo 

scores in incubator versus during KC would be conducted in our NICU. However, all NICU 

staff qualified to use the COMFORTneo are biased when scoring infants during KC versus 

in an incubator. KC is a standard practice in our NICU, promoted by all nurses. As opposed 

to qualified NICU staff, the nurses in training were new to the NICU and unbiased by 

literature. Sounds, a relaxed facial expression and sleep-wake state behaviors are both easy 

to recognize for nurses in training, as well as important features of the COMFORTneo. 

Therefore, this qualitative project provides valuable information about behavior during KC 

and it provides opportunities to improve KC routines in our unit. 

A number of action points for improving KC in our unit could be deduced from the 

barriers that were mentioned in the interviews: “The sound of alarms during KC can be 

frightening”, “some nurses seem to be too busy to help me transfer my baby”, and “I am 

afraid to drop him when I fall asleep”. The distraction by the monitor, the fear to loosen the 

grip and the work pressure of nurses are all barriers that have been reported in literature 

previously 25,26. This study showed that reassuring solutions such as entering the room from 

time to time and explaining the origin of the monitor alarms would help for some mothers, 

whereas other mothers preferred not to be disturbed. Therefore, the nurses in training 

recommended enhancing the communication between mothers and nurses using a KC 

evaluation form. In addition, together we concluded that actively encouraging and coaching 

parents to perform KC could help overcome barriers.  
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Implications
We started several projects to promote KC and to educate parents and staff about the positive 

effects of KC. In addition, we developed a KC diary including a foreword explicating the 

importance of KC. We started having all parents keep track of their KC sessions in these 

diaries to increase their involvement and awareness (Figure 2). 

Additionally, we strived to employ other ways to facilitate, simulate or support the effect 

of KC. In other words, to enhance parent-infant bonding in our NICU. The results of those 

projects will be described in the third part of this thesis. However, first, consequences of 

suboptimal bonding will be discussed. 

FIGURE 2. Kangaroo care diary used in the NICU of the Máxima Medical Centre
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APPENDIX

OBSERVATIE LIJST. Wat zijn tekenen van interactie en ontspanning tussen moeder 
en prematuur kind tijdens een verpleegkundige observatie van een buidelsessie?

Ontspanning: ademhaling, huidskleur, uitdrukking gezicht, geluiden

Interactie: oogcontact, motherese, geluiden

Moeder: Baby:

Datum: Tijd:

Minuut 1 t/m 5……

Minuut 6 t/m 10…….

Minuut 11 t/m ………

Etc.
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EVALUATIEFORMULIER BUIDELMOMENT

Naam: Datum:

Geboortetermijn kind: Huidige termijn kind:
 
 
Geef aan de hand van uw persoonlijke ervaringen met betrekking tot buidelen een score 
aan onderstaande opmerkingen: 

Punt van beoordeling Oneens     -     Eens Eventuele toelichting

1. Buidelen is belangrijk voor de ouder-kind 
binding.

1 2 3 4 5

2. Buidelen is belangrijk voor de ontwikkeling van 
mijn kind.

1 2 3 4 5

3. Het gebruik van de handspiegel tijdens het 
buidelen vind ik prettig.

1 2 3 4 5

4. Zachte achtergrond muziek tijdens buidelen 
is fijn.

1 2 3 4 5

5. Een donkere kamer is prettig tijdens het 
buidelen.

1 2 3 4 5

6. Het is fijn als verpleegkundigen regelmatig 
binnenlopen om te kijken hoe het gaat.

1 2 3 4 5

7. Het is fijn wanneer het geluid van de alarmen 
van de monitor aan staan.

1 2 3 4 5

8. Tijdens het buidelen ben ik het liefst alleen met 
mijn kind.

1 2 3 4 5

9. Verpleegkundigen vragen regelmatig hoe ik 
het buidelen ervaren heb.

1 2 3 4 5

10. Ik voel me veilig tijdens het buidelen. 1 2 3 4 5

Vervolgvragen 

Hoe lang en hoe vaak buidelt u het liefst?

Hoe heeft u de afgelopen buidelsessies ervaren? (graag een korte toelichting)

Hoe heeft uw kind de afgelopen buidelsessies ervaren? (graag een korte toelichting)

Hoe kunnen de verpleegkundigen u helpen om de kwaliteit van een buidelsessie te verhogen?
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ABSTRACT

This review aimed to raise awareness of the consequences of suboptimal bonding caused 

by prematurity. In addition to hypoxia–ischemia, infection and malnutrition, suboptimal 

bonding is one of the many unnatural stimuli that preterm infants are exposed to, 

compromising their physiological development. However, the physiological consequences 

of suboptimal bonding are less frequently addressed in the literature than those of other 

threatening unnatural stimuli. 

Conclusion: This review shows that suboptimal bonding significantly impairs hormonal, 

epigenetic and neuronal development, but these impairments can be reversed by bonding-

increasing interventions. This suggests that neonatal intensive care units should focus more 

on interventions that optimize bonding
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INTRODUCTION

Over the past 20 years, both the mortality rate of preterm birth and the incidence of 

major disabilities, such as cerebral palsy and mental retardation, have decreased due to 

improvements in perinatal health care 1. However, the long-term morbidity of these infants 

is still a serious health concern 2. Minor morbidities such as attention deficits, academic 

underachievement and hyperkinetic disorders occur frequently 1,2. Marcos et al. stated that 

both major and minor morbidities are probably induced by the fact that a preterm infant 

is exposed to unnatural stimuli that he or she would not be exposed to in utero 2. Indeed, 

it has been widely established that unnatural stimuli such as painful procedures, impaired 

nutrition and medical conditions such as hypoxia–ischemia and infection can disturb 

homeostasis and hence normal organ development 3. Development is also influenced by 

another unnatural stimulus that is an inevitable consequence of premature birth: altered 

parent–infant bonding 4.

In the medical literature, developmental consequences of altered parent–infant bonding 

are overshadowed by the consequences of many other unnatural stimuli, even though 

prematurity alters bonding in many ways. Preterm infants’ communicative cues are scarce 

and often unrecognizable as, due to their physical immaturity, they are not capable of 

expressing their internal states in the way that term infants can 5. Furthermore, the need to 

be admitted to a neonatal intensive care unit (NICU) also contributes to impaired bonding. 

The tubes, patches, noise, bright lights, incubators (also known as isolettes…) and painful 

procedures that come with a NICU stay reduce the quality and quantity of communicative 

cues between parent and child 4,6. Consequently, in addition to medical conditions such 

as hypoxia–ischemia and infection, suboptimal bonding contributes to developmental 

impairments in prematurely born infants, but many clinicians do not attribute sufficient 

importance to these consequences. We therefore performed a literature study to collect 

evidence about the consequences of suboptimal bonding and to consecutively raise 

awareness of clinicians about this important matter.



Prematurity and the physiology of bonding 

114

7

METHODS

For this semi-systematic literature review, a MEDLINE and EMBASE search was performed 

from May until November 2014. This paragraph provides a stepwise version of the subsequent 

phases in the process. For a more detailed methods section, see the appendix of this chapter. 

In phase one, bonding-related terms were extracted from the available literature. In phase 

two, the available literature was divided into categories. According to the article’s relevance, 

only the title, title and abstract, or title, abstract and full text were scanned to exclude, 

include or redistribute articles into categories. Predetermined criteria were used for this. In 

phase three, an extensive, nonselective work containing all the findings from all the included 

articles for each topic was created. Then, the review was narrowed down by excluding 

findings, using predetermined criteria. During the subsequent revision phase, the search was 

repeated to keep the review up to date. For the search terms, categories, and predetermined 

criteria, see Tables 1-5. For a flowchart of the included literature, see Figure 1.

TABLE 1. Search terms
Term 1 Term 2 Term 3 Term 4
Develop* Maternal care Premature Physiologic*

Improv* Paternal care Newborn* Organ

Growth Parental care Childhood Homeostas*

Chang* Standard care Infan* Brain

Differentiat* Caregiv* Preterm Neuron*

Matur* Nurtur* Perinatal Hippocamp*

Bonding Postnatal Axon*

Attachment Neonat* EEG/MRI

“Mother infant” Offspring Dendrit*

Receptor*
At least one synonym of each term-category needed to be present in title/abstract.  
* All possible extensions of the given word are included.

TABLE 2. Predetermined criteria for title in- and exclusion
Inclusion criteria Exclusion criteria
All childhood experiences Article not in English, Dutch, French, or German

All physiological outcomes Explicitly about children with syndromal diseases only
Explicitly comparing only socio-economical influences (e.g. poverty, 
malnutrition)
Explicitly concerning mothers with psychiatric diseases only
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TABLE 3. Associative framework dividing articles into categories after inclusion

Terms for early life bonding related factors Physiological outcome parameters
Parental licking and grooming Dendritic spine density

Parental presence / separation Oxytocin

Environmental enrichment Cortisol

Kangaroo Mother Care Altered amygdala appearance

Institutionalization Dopamine

Attachment style HPA-axis reactivity

Received caregiving Stress-axis functionality

Bonding Receptors

Feeding routines Synapses

Parental sensitivity Hormonal concentrations

Tactile stimulation Methylation

Body heat Epigenetic changes

Early life experience Epigenetic modulations

Early life adversity Hippocampal changes

Abuse ….many more…

Neonatal handling

Physiological outcome parameters categorized Still-face paradigm

Nurturing intervention

Comfort(ing) Stress-axis parameters

Comforting device Genetic parameters

(High) quality caregiving Hormonal parameters

Developmental care Neuronal parameters

NICU standards / NICU care All outcomes

↓↓↓↓↓↓↓↓↓↓↓↓↓

Seven categories into which all included articles are divided 
All factors concerning parental care altering stress-axis parameters

All factors concerning parental care altering genetic parameters

All factors concerning parental care altering hormonal parameters

All factors concerning parental care altering neuronal parameters

Caregiving in institutions or hospitals altering all physiological outcomes

Enriched environments altering all physiological outcomes

Bonding increasing interventions altering all physiological outcomes
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TABLE 4. Predetermined criteria for full text in- and exclusion
Cat. Inclusion criteria per category [AND] Universal exclusion criteria,  

incl. validity crit. [OR]

1

* Comparing differences in parental care

* At least one altered stress-axis measure 
(incl. altered symp. / parasymp. gut activity 
or altered vital parameters indic. stress)

* Either one of the exclusion crit. from Table 2

* About non-caregiving-related early life stress only 

* Use of I.Q. as the only outcome (= not physiolog-
ical)

* Physiological outcomes only apparent under ex-
treme, controlled (laboratory) circumstances 

* Use of substance administration

* Reversed research designs; investigating abnormal 
populations and their controls retrospectively 

* Animal research that was not within-litter nor ran-
domized 

* Animal research without use of standard proce-
dures

* Inappropriate statistical analysis

* Human studies uncorrected for baseline differences

* Double use of research population

* Case report

* Double article

* Full text nowhere available, e.g. conference ab-
stract

* Article not peer-reviewed

2
* Comparing differences in parental care

* At least one altered genetic outcome

3

* Comparing differences in parental care

* At least one altered hormonal outcome 
(except for ‘only cortisol’ outcomes (= cat. 
1))

4
* Comparing differences in parental care

* At least one altered neuronal outcome

5

* Caregiving in institutions or hospitals

* Making a comparison (either to controls or 
with subgroups)

* At least one altered physiological outcome

6

* Use of an environmental enrichment par-
adigm

* Making a comparison (either to controls or 
with subgroups)

* At least one altered physiological outcome

7

* Any bonding increasing intervention (com-
pared to controls)

* At least one altered physiological outcome

Cat, category; incl, including; crit, criteria; symp. / parasymp, sympathetic / parasympathetic; indic, indicating; 
I.Q, intelligence quotient.

TABLE 5. Final filtering step; criteria to narrow down the results

Inclusion criteria Exclusion criteria 
Clinically relevant Not importantly contributing to theoretical background

Directly linked to the conclusion Expected / similar finding to those previously described

Too difficult to translate to human research 
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FIGURE 1. Flow chart of the included articles
Art, articles; # art/cat, current number of articles per category; c.o. IN, cross over ingoing, from another category 
into this category; L.A.S., later automatic searches, automatically done by PubMed and EMBASE; H.S., hand 
search, articles included by reference guided hand-searches; tot. IN, total amount of articles included; c.o. Out, 
crossover Outgoing, from this category into another one; Excl acc. to tab 4, excluded according to Table 4; F. 
Incl, Final number of articles included.

PubMed 
1200 art.

Embase  
1310 art. 

Total of 
2510 art.

Doubles 
909 art.

Total of 
1601 single art.

1333

Total of 268 
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Enter search terms 

Add hits to RefWorks 
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Exclude titles according  
to table 2, round 1

Screen abstracts in order to: 
 
A) exclude articles according to table 2, round 2 
B) subdivide articles according to the associative 
framework (see table 3)
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RESULTS

We extracted 23 bonding-related perinatal factors from the literature, including the 

following: licking, grooming, parental presence or absence (separation), sensitivity, received 

care, feeding routines, tactile stimulation and body heat. However, many papers used more 

general terms to capture bonding-related perinatal factors, such as early life experiences, 

early life adversity, NICU stay or NICU admission.

NICU-related early life experiences altering physiology 
NICU-related early life experiences were reviewed in a booklet edited by Browne and 

White called Clinics in Perinatology – Foundations in Developmental Care 6. Note that not 

all chapters in the booklet were used for this review and therefore not all chapters are cited. 

However, very interesting topics are addressed in all of them. The booklet states that in the 

light of the remarkable physiological plasticity during early development, the significant 

modifications of sensory experience that come with preterm birth and a necessary NICU 

admission are likely to “have a range of effects on the normal course of development”. 

However, “investigators are a long way from understanding the particulars” 6. Another key 

point made in the booklet is that, compared with their term-born peers, preterm children 

have a much less developed behavioral repertoire, because of the immaturity of their brains. 

Browne et al. highlighted important differences between the brains of term infants and 

preterm infants. 

For example, brain volumes and brain region volumes are significantly different. 

Furthermore, the protein brain-derived neurotrophic factor (BDNF) appears to be lower 

in preterm infants. BDNF is a protein that supports neuronal survival and encourages the 

growth of new neurons. It thereby stimulates brain development and brain plasticity 6–10. 

Additionally, a significantly reduced capacity for, and duration of, long-term depression 

neuroplasticity has been found in preterm infants 7. Long-term depression is an immediate 

reduction in the efficacy of neuronal synapses after activation of those synapses. It plays 

an important role in the activity-dependent pruning or reinforcing changes of neuronal 

development. This means that when neurons fire frequently, their pathways are reinforced, 

for instance, their myelin sheets will thicken. However, when firing in certain neuronal 

pathways is scarce, this will result in neuronal apoptosis 7,8. Research needs to be extended 

in order to investigate whether long-term potentiation neuroplasticity, the opposite of long-
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term depression neuroplasticity, is also reduced 6,7. Either way, whether or not that is the 

case, the demonstrated physiological differences in preterm infants make them extremely 

vulnerable. The fact that the physiological differences we report here are only some of the 

many known physiological differences caused by being born prematurely makes them even 

more vulnerable 6. 

These non-experience dependent, but instantly present physiological differences due 

to premature birth are relevant to the research question “whether suboptimal bonding 

alters development”. Apparently, preterm infants are already more vulnerable, prior to the 

exposure to any additional unnatural stimuli, including unnatural bonding experiences. This 

was both a limitation and a strength of this review. It was a limitation because it impeded 

the assessment of the isolated effects of exposure to unnatural stimuli. On the other hand, 

it was a strength, because it suggests that, due to their vulnerability, all unnatural stimuli, 

including suboptimal bonding, probably have even more major effects and should therefore 

receive clinical attention.

In her review, Grunau also drew attention to effects of certain unnatural stimuli 3. 

She reported on the long-term effects of stress caused by a NICU admission, specifically 

procedural pain-related stress. Grunau stated, “Procedural pain and stress in preterm infants 

are associated with abnormal brain development in the NICU, above and beyond other 

clinical risk factors”. Grunau was also part of the research team that found that greater 

neonatal pain and stress exposure, measured by the number of skin breaking procedures, 

was associated with slower body and head growth. This was associated with altered cortical 

grey matter on diffusion tensor imaging at term. Greater exposure to procedural pain-related 

stress was associated with reduced development of white matter and subcortical grey  

matter 11. Furthermore, Grunau pointed out a longitudinal study from Doesburg et al. In 

that study, cumulative neonatal pain exposure in infants that were born prematurely was 

associated with changes in background cortical rhythmicity on magneto-encephalography 

measured later in childhood. The spectral structure of cortical oscillations expressed in 

power ratios among oscillations in different frequency ranges was assessed. Corrected for 

potential confounders, the found alterations in such spontaneous brain oscillations remained 

negatively correlated with visual-perceptual abilities at school age 12. 

Anand et al. also reviewed the literature on alterations in adult brains due to repetitive 

neonatal pain and stress experiences. They focused more on maternal separation stress, 
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and the mechanisms that caused the effects of pain and stress. They proposed a two-way 

mechanism: hypo activation of N-methyl-D-aspartate (NMDA) receptors is caused by 

maternal separation and sensory isolation, which leads to increased apoptosis in multiple 

areas of the immature brain, while at the same time hyper activation of NMDA receptors in 

other brain areas is caused by an exposure to repetitive pain 13. According to Anand et al., the 

latter results in excitotoxic damage to developing neurons. NMDA receptors are a subtype 

receptor for the most dominant excitatory transmitter system in the brain, the glutamate 

system. Thereby, NMDA receptors play a central role in the activity-dependent pruning or 

reinforcing of neurons 13. The complexity of the mechanism by which pain causes neuronal 

damage is not fully understood, but the fact that repetitive neonatal pain is harmful, and 

that there is involvement of the hypothesized mechanisms, is supported by various later  

studies 13,14.

Furthermore, recent electro-encephalogram (EEG) findings suggest that the preterm 

neonatal brain is more sensitive to pain and that preterm infants are not very capable of 

distinguishing tactile from nociceptive stimulation, generating even more complexity for 

the preterm infant’s caretakers 3. The infant’s immaturity in mimicry, day and night rhythm 

and behavioral repertoire also imposes on the infant’s readiness to enter the caregiving 

dialogue, while on the parental side fear and the hindrance of the tubes, patches and the 

incubator disturb the caregiving dialogue 6. Programs designed to recognize infant cues 

and to provide supportive care have therefore developed over the past decades, such as 

the Newborn Individualized Developmental Care and Assessment Program (NIDCAP). 

The concept of developmental care is a framework for NICU staff that ensures that each 

individual infant is as stable, well organized and competent as possible 15. The infant’s own 

physiological and behavioral expressions are professionally assessed, and seen as a reliable 

guide for caregivers to act on. The family is seen as the primary caregiver and thus stimulated 

to be maximally involved in the caregiving 15. In a Cochrane review that included 627 

preterm infants, however, no significant evidence was found that NIDCAP improved long-

term neurodevelopmental or short-term medical outcomes 16. This is remarkable, as there is 

converging evidence that preterm infants are more developmentally vulnerable to parent–

infant interaction, suggesting that the parents’ behaviors play a key role in their child’s 

neurodevelopment 3. Maximum parental involvement, for instance, due to a program such 

as NIDCAP, should compensate for adverse clinical exposure and compromised early brain 

development 3,6. In some of the trials included in the Cochrane review, such compensating 
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effects were indeed found. The primary outcomes of reduction of mortality and severe 

disabilities showed no significant differences, but shorter hospital stays, growth benefits 

and improved scores on neurodevelopmental scales at nine months of corrected age were 

reported 16. Nonetheless, based on all of the results and its cost-effectiveness, Ohlsson et 

al. concluded that no clear benefits of NIDCAP could be identified. The implementation 

of NIDCAP in its present form was therefore not recommended. However, Ohlsson et al. 

did recommend maximum involvement of the parents in caregiving, as they believe in the 

benefits of this 17. This was supported by a cohort study by Grunau et al. that demonstrated 

that greater positive maternal interaction during painful procedures buffered the relation 

between neonatal procedural pain exposure and poorer focused attention in very preterm 

infants at eight months of corrected age. More maternal interaction was also protective 

against infants’ internalizing anxiety or depressive behaviors at 18 months of corrected  

age 3. So perhaps, compared to the current standard care in NICUs, NIDCAP is not enriching 

enough to lead to significant results. Over the past decades, even without having a program 

such as NIDCAP implemented, most NICUs started focusing on individualized caregiving 

and also on involving the parents 18. A more easily measurable factor for caregiving 

enrichment would be an increase in parents visiting the NICU. 

Only very few studies have looked at the frequency of parental visiting. They identified 

infrequent maternal visits as a risk factor for later psychological development in preterm 

infants 19. The above implies that both bonding-related and non-bonding-related early life 

experiences affect physiological development in a context-dependent way. Painful stimuli, 

maternal separation and abuse can be excitotoxic for neuronal development, whereas 

adequate caregiving can be protective.

Such a parental protection hypothesis is significantly supported by previous work from 

Sullivan’s research group. They addressed the question of why a child becomes attached to 

caregivers regardless of the quality of care they receive. The key point that Sullivan states, is 

that the child’s brain is not an immature version of the adult brain. Its circuitry is designed to 

ensure attachment to caregivers. As proximity to a caregiver is necessary in order to survive, 

a child should therefore attach to any caregiver 20. In their studies, attachment to abusive 

caregivers resulted in dysregulation in neural networks, especially in dysregulated amygdala 

function. The amygdala is a brain area within the limbic system, which is required for 

fear and avoidance learning in adult animals. By carefully manipulating the abuse-related 
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attachment learning in rat pups, Sullivan et al. discovered that during a sensitive period 

early in life, the activation of the amygdala is blocked, whenever there is maternal presence. 

Parental abuse did therefore not cause a fear and learn to avoid reaction when an infant’s 

mother was present. In their laboratory, pups formed attachments even when painful abuse 

was experienced. This infant experience resulted in later life depressive-like behavior and 

altered amygdalae with suboptimal connectivity to the prefrontal cortex. Experiencing non-

abusive painful procedures on the other hand did not result in amygdala changes, indicating 

that during attachment learning, pain was processed differently 20. More knowledge of this 

would be extremely valuable for NICUs, because even though painful experiences are 

inevitable, the negative effects of these experiences might be minimized by high-quality 

parental caregiving.

Moreover, the differences in physiological parameters due to prematurity itself are 

difficult to treat, but optimizing early life experiences might be easier. Indeed, noninvasive 

interventions targeted at parental care are relatively easy to implement, according to Walker 

et al. Additionally, these interventions might have a significant effect on health outcome, 

particularly in a vulnerable population of preterm babies 21. Over the past few decades, 

researchers in the Braun laboratory have attempted to provide evidence for this parental 

protection theory. In one study, they used a maternal separation paradigm on the Octodon 

Degus trumpet-tailed rat species and investigated whether a mother’s voice during maternal 

separation could protect from separation-induced changes of brain function. Compared to 

the control group, the separation group showed an upregulation of NMDA receptor density 

in the prefrontal cortex, hippocampus and amygdala. In the third group, presentation of the 

maternal call during the separation period suppressed the NMDA receptor upregulation 

in all brain regions 22. In a 2014 review, Bock et al. 23 summarized their work and the 

work of others, to provide an integrative view on this topic. They reported, “Evidence is 

now accumulating that the specific and individual effects of early life experiences on the 

functional development of brain and behavior emerge as a function of type, intensity, 

timing and the duration of the events”. In their studies, the effect of separation seemed to be 

delayed pruning or, in other words, a disturbance in the guidance for the neuronal cells to 

optimally specialize 23. However, the most frequently reported physiological disturbances in 

other studies examining early life experiences, are those related to the development of the 

hypothalamic–pituitary–adrenal (HPA) axis, also known as the stress axis.
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Effects of mother-infant-related early life experiences 

Altered stress axis functioning
Due to the sudden transition from intra uterine to extra uterine life, early life is a very 

stressful period. Without a protection mechanism, the ongoing stress and the constantly 

hyperactive HPA axis would lead to chronic glucocorticoid exposure, which would cause 

cellular damage 21. A mechanism to protect organisms against this damage can therefore 

also be described as an adequate regulatory mechanism. However, the newborn infant’s 

own regulatory mechanism is not sufficiently mature to accomplish this protection. For this, 

the newborn infant needs parental assistance, or parental co-regulation. 

As stated in chapter two, animal research has demonstrated that mothers are able to 

directly co-regulate the pup’s homeostasis, including his or her cortisol levels, through 

hidden regulators 24,25. These regulators are for instance sensory, motor, nutrient and thermal 

stimuli embedded in typical mother-infant interactions, such as licking, grooming and 

arched back nursing. The parental influences on the infant’s physiology often cannot be seen 

directly. They become evident in periods of stress or separation, for instance demonstrated 

by fluctuations in blood pressure or hormonal concentrations, because the infant’s stress 

regulatory system is, as previously stated, not yet mature enough to cope with separation 

or stress without parental support 26. The main axis within the elaborate stress regulatory 

system is the HPA axis, therefore also called the stress axis. Parent–infant interactions can 

thus exert an immediate coregulatory influence on the infant’s HPA axis 21,27. During the very 

stressful early life period, this co-regulation results in suppressed cortisol activity, to protect 

the brain from otherwise constant glucocorticoid exposure. This period is called the stress 

hypo responsive period. 

During the stress hypo responsive period, cortisol and the HPA axis are not the only 

systems that are affected. Other hormonal systems and, therefore, behavioral responses are 

also affected in both the short-term and long-term. The immediate regulatory influence of 

typical mother–infant interactions is elaborate and necessary for optimal development 21,27. 

Inadequate mother–infant interaction thus impairs optimal development. Long episodes of 

maternal separation, lasting 180 minutes, changed corticotrophin-releasing factor signaling 

pathways and glucocorticoid receptors involved in negative feedback over the HPA axis 

in adult rats. Separated rats exhibited visceral hypersensitivity and were more prone to 

stress-induced intestinal mucosal dysfunction 28. Additionally, Walker et al. reported 
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that inflammatory reactions were reduced in pups reared by their mothers compared to 

artificially reared pups 21. 

Does this mean that the more care a mother provides, the better her offspring? The short 

answer is no. For example, a maximal maternal stimulation protocol used by Walker et al. 

showed higher pain sensitivity when compared to less maternal stimulation. This suggests 

that this protocol was beyond the optimal degree of stimulation provided by the mother. 

Too much maternal stimulation provided to a compromised brain, such as a premature 

brain, might be detrimental 21. Indeed, not only the presence, but also the sensitivity and 

responsiveness from caregivers during the early life period appeared critical in maintaining 

the desirable, low cortisol concentrations 29. To define optimal care giving, the relationship 

between the rats’ HPA axis development and naturally occurring, individual differences in 

maternal care and thus maternal co-regulation has frequently been evaluated 26. 

Liu et al. reported that the magnitude of the HPA response to stress in adult animals 

was strongly correlated with the degree of maternal licking and grooming of young  

pups 30. HPA axis alterations thus appeared context-dependent. Indeed, both Rinaman et al. 

and Walker et al. reported that different lengths of maternal separation led to different HPA 

axis alterations 21,28. In older pups and humans, social companionship, instead of separation, 

has also been demonstrated to influence HPA responses, a process called social buffering 31. 

The very early life social buffering system, the stress hypo responsive period, has unique 

features. It is adapted specifically to the mother–infant dyad 31. According to Rincon-Cortes 

et al., maternal care and stressors early in life jointly program HPA axis responses and 

functioning in later life 27. The question is no longer whether early life experiences influence 

the HPA axis, but exactly how they do it 32. In an attempt to answer that question, Strüber 

et al. proposed a two-pathway model in which they addressed more hormones than just the 

stress axis hormones. With this model, they provided an explanation for why both HPA axis 

hyper and hypofunction were demonstrated in animal and human studies that evaluated the 

later life effects of different early life experiences 32. In their critical review, Tang et al. also 

advocated a more complex reality than the more the better. Their theory was called maternal 

modulation 29.  

According to the authors, the role of the mother is multidimensional, including not 

only the quantity of maternal behavior, but also the quality of the maternal behavior as 

demonstrated by reliability and sensitivity and the mother’s capacity to regulate her own 

HPA function. Indeed, it is possible that infants who are fed by a stressed mother with a 
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high cortisol concentration in her breastmilk have prematurely ended stress hypo responsive 

periods 27. Interestingly, Tang et al. demonstrated, with results from animal and human 

studies, that the most influential factor for shaping key parameters of the infant’s regulatory 

system, such as the HPA axis and other hormonal systems, was the caregiving prior to, and 

immediately after, exposure to a stressful stimulus. When offspring are stressed, it is the 

reliability, not the quantity, of maternal care that determines whether or not stressful novelty 

exposure will have a positive impact on the plasticity of the HPA axis during later life 29. Tang 

et al. concluded that high-quality parenting following negative life events could enhance 

positive adaptation during subsequent negative life events. This could also be true for high 

quality parenting following negative events during a NICU stay. From these results, it can 

be deducted that differences in maternal care and early life experiences set a cascade of 

physiological events in motion, affecting the essence of human beings throughout the rest 

of their lives.

Altered genetics
Research has indeed demonstrated that the HPA axis is not the only physiological system 

that is altered by early life experiences and bonding-related experiences in particular. A 

growing body of neuroscience research has argued convincingly that an individual’s early 

life experiences, or early life environment, together with an individual’s genotype, influence 

his entire health and behavioral phenotype 33. Over the past few decades, an explanation 

for this has been discovered. 

Environmental factors can alter gene expression, without altering the genetic code itself. 

Instead, the frequency with which the genes are transcribed is altered. Intracellular molecules 

regulate the transcription of the genome, and the concentrations of these molecules are 

influenced by environmental sensorial information. Together, the environmental information, 

those molecules and the genome itself are called the epigenome 34. Epigenetic changes 

start occurring from the moment of conception, providing a mechanism by which early 

caregiving environments immediately have an impact on phenotypes, including the HPA 

axis phenotype 33. 

Letourneau et al. reported that negative early life experiences led to epigenetic 

modification (methylation) in the glucocorticoid receptor promoter, preventing binding with 

glucocorticoids. Such binding upregulates the production of anti-inflammatory proteins, 

which returns organisms to an unstressed state. Prevention of that binding decreases 
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the facility with which the HPA axis can return to baseline after the threat of danger, 

leaving the organism in a state of heightened sensitivity to stress 33. In contrast, reduced 

sensitivity to stress has been reported in offspring of high licking and grooming dams 

when compared to offspring of low licking and grooming dams 35. This was demonstrated 

by increased hippocampal glucocorticoid receptor messenger-RNA (mRNA) expression, 

enhanced feedback sensitivity to glucocorticoids, decreased hypothalamic corticotrophin-

releasing factor mRNA expression and consequently more stable stress responses of the 

adrenocorticotropic hormone and of cortisol 36. 

Additionally, when infant pups of low licking and grooming mothers were cross-

fostered to high licking and grooming mothers, glucocorticoid receptor mRNA expression 

and adrenocorticotropic hormone levels matched those of their high licking and grooming 

adopted mothers, not their low licking and grooming biological mothers. The inverse has 

also been demonstrated 33,36. Kundakovic et al. 34 subscribed to the above, reporting that 

outcomes could be significantly influenced even when differences in parental behaviors 

were within the normal range.

Altered genetics, hormones and neuronal development
Murgatroyd et al. found reduced DNA methylation at one specific vasopressin gene 

region in the paraventricular nucleus 37. Vasopressin and oxytocin are hormones of special 

interest, because they appear to be key players for organisms’ sociality and parental  

behaviors 38,39. However, to enable a better analysis of epigenetic variations in the vasopressin 

or oxytocin genes, future studies using multiple gene marking and multiple area marking are  

necessary 38. Over the past few decades, various non-genetic study designs have demonstrated 

that the distribution and receptor systems of those hormones can be manipulated by early 

life experiences. Some of the designs were clinically very relevant, because they compared 

control subjects to subjects that were exposed to conditions mimicking a NICU environment, 

for instance using maternal separation and handling paradigms.

Todeschin et al. 40 found long-lasting changes when neonatal rat control subjects were 

compared to handled subjects. Handled pups were separated from their mothers and 

handled by the experimenter for one minute each day from postnatal day one to day 10. 

Morphological changes were found in the neuroendocrine areas involved in social bonding in 

mammals, with oxytocin neurons being decreased and vasopressin neurons being increased 

in the paraventricular nucleus. In 2012, Veenema titled her review “Toward understanding 
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how early life social experiences alter oxytocin and vasopressin-regulated social  

behaviors” 38. She incorporated seven different research paradigms in her review: maternal 

separation, early stress, single mothers, neonatal handling, communal nursing, high versus 

low licking and grooming and the manipulation 0 paradigm, a paradigm with no extra 

neonatal handling or manipulation, just weekly cage changes, while pups are transported 

in plastic cups. She concluded that all the paradigms had been shown to induce changes in 

the oxytocin and vasopressin systems. Therefore, those systems have shown a high level of 

plasticity as a function of the early life social environment. Currently, most authors deem the 

question of whether or not early life experience has the ability to lead to long-term changes 

in oxytocin and vasopressin systems undisputed. Instead, they aim to unravel the process 

and directionality by which experiences affect those and other systems 38,39. 

As will be described in more detail in the appendix of this thesis, oxytocin systems 

are highly connected to for instance serotonin, noradrenaline and dopamine pathways. 

Dopamine pathways are important for experiencing a feeling of reward. When neurohormonal 

circuitry functions adequately, sociality is experienced as rewarding. However, studies have 

indicated that early life experiences have long-term effects on these pathways as well, 

potentially disturbing the experience of reward as a result of sociality. In these studies,  

long-term effects were defined as effects still present in adulthood 41. The direction of the 

effects was again complicated, as the influences were brain region related and often gender  

dependent 41 , but there was no doubt about whether there were persisting effects or not. 

Moreover, in addition to the dopamine system, influences of maternal care and early life 

experiences on the reproductive system have also been studied. These studies were reviewed 

by Toufexis et al.

Toufexis’ review demonstrated that the reproductive system was mainly investigated 

by examining differences in the functioning of the hypothalamic–pituitary–gonadal axis. 

Within this axis, alterations in the expression of sex hormone receptors such as the estrogen 

receptor-a were reported 42. This hormone regulates sexual behavior and the sexual strategy 

used by females. By influencing the sexual behavior of all females, including offspring, 

the effects from differences in maternal care become transgenerational 42. Camozzato et 

al. 43 used a different approach to assess the hypothalamic–pituitary–gonadal axis. They 

explored the development of a brain area important to the control of ovulation, the medial 

pre-optic area. Using a neonatal handling paradigm, they found an approximate reduction 

of 50% in the number of neuronal cells in that area at postnatal day 11 and still at day 90. 
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A compensatory neuronal cell size increase was not found. On the contrary, the neonatal 

handling procedure decreased cell size. This study strengthened the conclusion of an 

early life environmental effect on the hypothalamic–pituitary–gonadal axis by focusing on 

alterations in neuronal development.

Altered neuronal development
Many studies have focused on altered neuronal development caused by different early life 

experiences. Some studies focused on specific brain areas, such as the medial pre-optic 

area. Other studies examined larger regions or even the entire brain, such as the study by 

Sarro et al. 44. They explored whether the cortical activity of rat pups was directly influenced 

by interactions with the mother. They recorded spontaneous neocortical potentials in 

freely behaving infant rats during natural interactions with their mother on postnatal days 

12–19. Maternal absence increased cortical desynchronization. According to the authors, 

cortical desynchronization was not necessarily negative, “it is an activity pattern conducive 

to neural plasticity and information transfer across brain regions”. Removing littermates 

induced further desynchronization. The authors stated that “the results uncover that the 

mere presence of the mother provides an immediate impact on the state of cortical neural 

activity” 44. The fact that the mere presence of a mother can be comforting to a child could 

be of value for families during a NICU stay. Furthermore, Sarro et al. found that maternal 

behaviors such as grooming and nurturing modulated infant cortical activity, sometimes 

inducing desynchronization and sometimes reducing it. According to Sarro et al., there 

“may be a mechanism allowing variation in maternal care to create variability in brain 

development and behavioral outcome. The nature and duration of specific maternal 

behaviors, as well as the temporal patterning of interaction and absence, could induce 

robust individual differences in arousal and consolidation, as well as network maturation”. 

In a study on human subjects, Hane et al. 45 confirmed altered cortical activity due to 

differences in caregiving. They scored mothers according to variations in their maternal 

caregiving behavior when their infants were nine months old. A correlation between these 

scores and EEG’s at three years was then investigated as an indicator of stress reactivity in 

human infants. When compared to high-quality maternal caregiving, low-quality maternal 

caregiving led to an increase in stress reactivity determined by right frontal EEG asymmetry. 

As mentioned in the introduction, cerebral and developmental changes occurring as a 

result of high quality parental caregiving are also described in the Clinics in Perinatology 
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booklet edited by Browne and White, such as changes in BDNF levels and profound effects 

on animals’ emotions and responses to stress 6–10. These effects may be related, since, to 

recapitulate, BDNF is a regulator of neuronal apoptosis and development. Increased BDNF 

promotes and accelerates central nervous system maturation, thus possibly leading to more 

adaptive coping styles and reduced vulnerability to psychopathology 7,8. This is an example 

of how physiological changes due to improved parental caregiving might amplify each other 

to generate an even more powerful effect. The overall conclusion that can be drawn from the 

sum of all chapters in the Clinics in Perinatology booklet is therefore that researchers should 

search for interventions to increase cerebral BDNF, as well as other substances that stimulate 

development, endogenously instead of exogenously, by improving the quality of parental 

caregiving and parent-infant bonding  6–10. 

Effects of interventions that improved bonding
The most common example of a caregiving method that increases the focus on bonding in 

NICUs is skin-to-skin contact, also called Kangaroo care (KC). KC is when a baby is placed 

on the naked parental chest in a prone position wearing nothing but a diaper 46. The skin-

to-skin contact during KC enables maximal cue-exchanging or maximal co-regulation. A 

longitudinal study by Feldman et al. was set up to examine the effect of KC on preterm 

infants, parent–infant interaction and child development 4. Infants who received KC for 14 

consecutive days were matched to control infants, with both groups containing 73 infants. 

They were all assessed at three time intervals during the first half year and seven other time 

intervals during the first decade. During the first half year, family interaction and home 

environments were more adapted in the KC group. Mothers reported less depression and 

infants scored higher on the Bayley Mental Developmental Index and the Psychomotor 

Developmental Index. Feldman et al. speculated that KC had both a direct impact on the 

infants’ neurophysiological regulation as well as an indirect impact by improving parental 

mood, perceptions and interactive behavior 4. During the infants’ first decade, KC increased 

maternal attachment behavior and infants’ autonomic functioning as measured by respiratory 

sinus arrhythmia. Furthermore, child cognitive development and executive functions were 

enhanced. By 10 years of age, KC children showed attenuated stress responses, more 

mature respiratory sinus arrhythmia patterns, better-organized sleep and better cognitive  

control 4. Such positive effects of KC were reinforced in a Cochrane review on Kangaroo 

mother care. Kangaroo mother care is a broader caregiving principle that adds almost 
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exclusive breastfeeding and attempted early discharge from the hospital, to daily, preferably 

long, KC sessions 46. 

Other interventions aimed at increasing bonding described in the literature are, for 

instance, maternal voice recordings or maternal biological sounds 47, music therapy 48, or a 

breathing bear 49. Lahav et al. performed a number of studies on using maternal sounds in 

the NICU, all with promising effects. For example, in one study increased cardiorespiratory 

stability, reflected by a reduced frequency of apnea and bradycardia, was reported 47. 

Research therefore appears to support the use of familiar or positive sounds in NICUs. We 

will get into this in more detail in the final part of this thesis. 

A recent meta-analysis reported that music therapy was beneficial with an overall large 

effect size. Benefits were greatest with live music therapy, such as mothers singing 48. Voice 

vibrations and the rhythmicity of a maternal voice, as well as maternal breathing patterns 

and heart beats, are features that healthy, term born neonates normally rely upon to support 

their regulatory development 47. Access to such audible features could thus be of even more 

importance to preterm infants, who, as previously stated, are exposed to many unnatural 

stimuli and have a far more vulnerable physique 4. Breathing is a serious challenge for many 

preterm infants due to lung immaturity 2. Extra support for breathing using audible biological 

sounds or music with vital rhythms could thus be beneficial 47.

Thoman et al. used breathing sounds in a device suitable for preterm and full-term 

infants, called the breathing bear. This is a teddy bear designed to permit entrainment of the 

infant’s breathing capacity and related neural functions. It breathes quietly to ensure that 

the intervention is not imposed on the infant. In a study with irritable full-term infants, the 

device was placed in the crib and the infant could control whether, when and how long 

to make contact with it and experience its rhythmic body motion. Compared to a control 

group of irritable infants without exposure to the breathing bear, positive effects on contact 

behavior, temperament, maternal stress and maternal depression were reported 49. Superior 

effects to those of the breathing bear could presumably be caused by sleeping in the same 

bed as a sibling or parent.

Co-bedding was investigated in a Cochrane review 50. Only five studies could be included 

in that review, all of which were small and reported their outcomes differently. There was, 

therefore, insufficient evidence to make recommendations for future practice. No significant 

differences in weight gain, apnea, bradycardia, desaturation, infection incidence, length of 
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hospital stay, or parental perceptions were found. Co-bedded twins appeared to spend more 

time crying, but they also appeared to spend more time in quiet sleep. 

Morgan et al. 51 examined whether infants should be co-bedding with their mothers. In 

a within-subject design, they measured heart rate variability to assess autonomic function 

in 16, two-day-old full-term healthy neonates sleeping in skin-to-skin contact with their 

mothers and sleeping alone prior to discharge. All neonates were admitted to the hospital 

because they were born by cesarean section. Both sleeping methods were measured for one 

hour. Results show a 176% increase in autonomic activity and an 86% decrease in quiet 

sleep duration during maternal separation compared to skin-to-skin contact. The separation 

thus appeared to increase stress.

Flacking et al. 18 reviewed the concept of closeness and separation in NICUs more 

generally than the co-bedding concept. They too highlighted the need for acknowledging 

the importance and impact of both physical and emotional closeness between the preterm 

infant and parent in the NICU. Emotional closeness referred to parental feelings of being 

emotionally connected, feelings of love, warmth and affection. In their review, the evidence 

illustrating the importance of closeness came from stress- and cortisol studies. Close physical 

contact between a parent and a preterm infant decreased the infant’s cortisol levels and pain 

responses 52. In addition, an increase in the amount of physical contact and family-centered 

care synchronized cortisol variation between the preterm infant and his or her mother. It 

appeared that sharing the same environment increased the concordance between the HPA 

axis reactivity of the preterm infants and their mothers, reflected by the cortisol levels in 

their saliva 52. In addition, various interventions supporting the abilities of parents to observe 

and interpret their infant’s behavior have all been associated with improved cognition years 

later 4,53. Flacking et al. thus concluded that parent–infant closeness should be an absolute 

priority within NICUs 18.

The importance of closeness was also described in the “Postnatal maternal care, tactile 

stimulation and brain development” section in the review by Samra et al. They reported that 

preterm infants were vulnerable to programmed changes if their care environments were 

less than optimal. Furthermore, they reported on evidence linking prematurity and family-

centered care to epigenetic modifications. They concluded that more research is needed to 

understand these variables and their moderating or mediating relationships to each other 
54. An attempt to address this was made by Milgrom et al. and Welch et al. in their studies, 

which examined caregiving environments by investigating different interventions that 
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supported parents. With their early sensitivity training program, Milgrom et al. 55 reached 

a significantly enhanced white matter maturation and connectivity on magnetic resonance 

imaging in prematurely born infants when they were 38–40 weeks of age. Absolute volumes 

of cerebral tissue types revealed no differences. In this randomized controlled trial, 45 

women with infants younger than 30 weeks of gestation were involved. The intervention (n 

= 22) consisted of 10 sessions of parents working with therapists to learn to recognize signs 

of infant stress, shutdown mechanisms, alert available behavior, quality of motor behaviors, 

facial expressions and posture or muscle tone. In comparison with NIDCAP, this intervention 

had relatively low costs due to less nurse training and nurse time assessing the infant. The 

parents assessed the preterm infant, which had possible post discharge benefits as well. In 

addition to the increased white matter maturation, other medical outcomes demonstrated 

a general improvement for children in the intervention group as well. For example, fewer 

days on oxygen and a decreased length of hospital stay were reported. Therefore, even 

though not all of these improvements were statistically significant, the findings of this 

study concurred with recent evidence that the quality of early life experiences influences 

physiological development and especially brain development. The results provided a 

platform for consideration of larger randomized trials investigating this type of interventions 

in preterm infants 55.

Welch et al. conducted such a large, randomized controlled trial that investigated an 

intervention with a different approach. The intervention developed and studied by the authors 

is called the Family Nurture Intervention. In their research, they assessed the impact of that 

intervention on EEG activity in 134 preterm infants born between 26–34 weeks of gestation 
56. The distinguishing feature of this intervention was the facilitating of the exchange of 

communicative cues between the mother and her infant by the medical staff. The intervention 

started early and continued over the full course of hospitalization. It entailed mother and 

infant scent cloth exchange, sustained touch, vocal soothing, eye contact, wrapped or skin-

to-skin holding and family-based support sessions 57. Family Nurture Intervention infants 

showed robust increases in frontal brain activity on EEG, which other investigators found 

predictive of better neurobehavioral outcomes. Effects were significant in both quiet and 

active sleep, regardless of gender, gestational age or birth weight. Significant group-by-age 

effects in other brain regions were found as well 56. Additional studies assessing the Family 

Nurture Intervention demonstrated not only improved maternal caregiving behavior 58, but 

also significantly improved scores across multiple domains of neurodevelopment, social 
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relatedness and attention problems in the intervention group compared to the control group 

receiving standard care 59. These results suggest widespread changes in developmental 

trajectories mediated by the Family Nurture Intervention, an intervention focused entirely 

on enhancing bonding.

DISCUSSION

Recent findings suggest that early life conditions turn out as either harmful or protective, 

depending on the organism’s later life environmental context. This implies that early life 

conditions may prepare the infant for their future life through glucocorticoid programming 

and phenotypic plasticity with the goal to match with future environmental demands 5,38,39. 

This concept has led to the hypothesis that a mismatch between early and later life conditions 

can enhance vulnerability to disease. For example, although the offspring of low maternal 

care dams seemingly displayed lower cognitive performance under basal conditions when 

compared to the offspring of high maternal care dams, a different outcome was described 

when the rats were tested under stressful conditions, that is a situation reminiscent of their 

early life environment 23,32. 

These findings suggest that what used to be perceived as a maladaptive phenotype 

may turn out to represent an adaptation to the environmental context that prevailed during 

development, which appropriately predicts and matches with the environment later in life. 

This phenomenon has adaptive values in particular contexts, but can be maladaptive when 

mismatched and persistent 33,36,39. More evidence for this theory comes from considering the 

correlations between the reproductive system and human parental programming over an 

evolutionary time span. Under high-risk conditions, when the probability of survival is low, 

the optimal strategy is to maximize the number of offspring through accelerated mating. In 

contrast, a more propitious environment favors greater investment in individual offspring 

at the cost of mating 42. Thus, the adaptive maturation of neural and endocrine systems 

requires environmental input to optimize their functions. The outcome is somewhere on 

the continuum between resilience and psychopathology. It depends on the nature of the 

input, the balance between stimulant as well as challenging input, the caregiving during 

the challenges, the respective genetic predispositions, and on the social context in later life, 

which all depend on each other as well 23. 
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Due to this complexity, the directions of changes are sometimes inconsistent and unexpected, 

and even small differences can affect the direction of change. Additionally, changes can 

even be different within one brain region 38. This review was therefore not intended to 

explain those varying, context-dependent directions of alterations. It was meant to raise 

clinicians’ awareness of the omnipresence of changes caused by differences in bonding-

related early life experiences, by providing a large, convincing amount of varying examples.

Unfortunately, due to that variety, the actual summing up of findings, which would 

have resulted in a more number-oriented review, appeared impossible. Another limitation 

is the fact that the majority of this review consists of animal studies. However, there is 

now strong evidence that human and animal parenting share many subcortical, neural and 

neurochemical mechanisms 5,26,54,60. Furthermore, albeit not always significant, numerous 

positive effects of interventions that aim to optimize bonding in human studies have been 

reported, in contrast to not one negative effect. Improving bonding should therefore be 

prioritized 5,6,59, particularly in high incidence, vulnerable populations such as preterm 

infants whose early life experiences do not match their later life experiences 2.

CONCLUSION

This review emphasizes the importance of bonding by providing sound evidence for the 

fact that differences in bonding-related early life experiences and NICU-related early life 

experiences have a significant impact on physiological development in various ways. 

Furthermore, the impact can be reversed by improving the caregiving context and by 

optimizing parent–infant bonding. The attention for adequate bonding in NICUs should 

therefore be increased.

APPENDIX

Elaborate Methodology
A MEDLINE and EMBASE search with broad search terms was undertaken from May–October 

2014, to extract bonding-related perinatal factors from the available literature as a first step. 

There were four sorts of search terms; for the population (neonates, infants, etc.), for the 
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determinant (bonding, caregiving, etc.) and for the changing (chang*, improv*, develop*) 

of the physiology with an emphasis on brain/neuronal physiology (brain, neuron*, EEG, 

physiology, organ, homeostas*, etc.; see Table 1). These search terms were decided upon in 

advance, based on their frequent usage in previously read, relevant articles. A thesaurus was 

used to find additional relevant terms. 

All matching titles were assessed and either included or excluded, according to 

predetermined, broad criteria (see Table 2). During the assessment of all the titles, terms 

used for bonding-related perinatal factors and frequently occurring outcome parameters 

were extracted. They were written down to find a structured answer to the question ‘what 

does suboptimal bonding do to physiological development’. With the written down terms, 

an associative and categorized framework was constructed (see Table 3), before reading 

the abstracts and full texts. Successively, abstracts were screened to either subdivide them 

into their categories (preliminary inclusion) or to exclude them. The same broad inclusion 

and exclusion criteria that were previously used to screen the titles were now used for this 

abstract screening process (Table 2). 

After this screening process, the included abstracts and their full texts were read in 

order to include or exclude articles according to new, more specific inclusion and exclusion 

criteria (that were also predetermined). For these criteria, see Table 4. Some articles were 

redistributed. In addition, reference lists of identified articles and related reviews were 

hand searched. For the final flowchart of all included articles per topic, see Figure 1. The 

subsequent writing stage consisted of three more steps. 

First, an extensive, non-selective work containing all findings from all included articles 

per topic was created. Then, the general conclusion was written, based on undisputed issues 

only. This conclusion was now used as the final measurement to weigh the importance of 

found results / information, in order to minimize the selection bias while narrowing down 

the article.

Significance to the general conclusion, as decided upon with final predetermined 

criteria (Table 5), led to the final inclusion, exclusion and reordering of the findings. Various 

illustrating results that were exemplifying but did not independently add value to the 

conclusion were thus excluded. During the revision phase, the main search was repeated 

and an extra hand search was executed in order to remain up to date, and to be as complete 

as possible.
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ABSTRACT

Objective: To assess the relation between antenatal mother-infant bonding scores and 

maternal reports of infant crying behavior. 

Background: Crying is normal behavior and it is important for parent-infant bonding. Even 

though bonding starts antenatally, the relation between antenatal bonding scores and infant 

crying behavior has never been studied. 

Method: A secondary analysis was performed on data that were gathered in a large prospective 

study within our region. Bonding was assessed using an antenatal bonding questionnaire at 

32 weeks gestational age. The crying behavior of infants was assessed with three questions 

at six weeks postpartum. Crying was termed excessive (EC+) when mothers perceived the 

crying to be ‘every day’, ‘often’ or ‘very often’, and with ‘crying episodes lasting more than 

30 minutes’, in other words, when mothers scored high on all three questions. The relation 

between bonding and crying was examined using a multiple logistic regression analysis, 

including adjustment for relevant variables, especially maternal depression as measured 

with the Edinburgh Depression Scale. 

Results: In total, 894 women were included of whom 47 reported EC+ infants (5.3%). 

Antenatal bonding scores were significantly related to the reporting of crying behavior, even 

after adjustment for relevant variables (p = 0.02). Each extra point on the bonding scale 

reduced the risk of reporting an EC+ infant with 14% (OR = 0.86, 95% CI [0.76-0.97]). 

Conclusion: Mothers with lower antenatal bonding scores were more likely to report an EC+ 

infant. Future research should further explore the concept of antenatal bonding, its relation 

with EC and associated risks. 



INTRODUCTION

In the 1980s excessive crying (EC) was the most common first complaint brought to physicians 

by parents 1. Nowadays, EC is still the reason for 10-20% of the pediatric consultations at the 

age of two weeks to three months 2 and there is evidence linking it to maternal anxiety and 

depression, infant adaptive and behavioral problems, and even to child abuse 3,4. A better 

understanding of EC and its risk profile can contribute to the management of this important 

societal problem. 

Crying is important, physiologically driven behavior, meant to maintain the caregivers’ 

proximity to infants in order to assure nutrition, protection and parent-infant contact 5. 

Therefore, every infant cries, starting from the moment he or she is born and continuing 

according to a universal pattern: crying peaks around six weeks postpartum and declines 

about four months postpartum. This universality suggests innate programming 3,6. Much 

remains to be learned about the how and why of this programming, in other words, about 

how this specific crying pattern contributes to the infant-caregiver relationship. However, 

human evolutionary history has shown that optimal parental care is likely to be reduced or 

withdrawn when child-rearing circumstances are unfavorable, and especially when infants 

appear less dependent of their caregiver. Such an environment of uncertain parental care 

constitutes a strong selective pressure on the human infant, including its cry signal, which 

can influence the behavior of potential caregivers 7. Therefore, evidence suggests that the 

crying peak has evolved to signal vigor to avoid the withdrawal of parental care at a time 

when infants transit from totally parent-oriented and parent-dependent to more explorative 

and self-regulative human beings in order to ensure the continuation of parental investment 

in offspring 7,8. The crying signal can thus be considered a communicative cue for caregivers 

to respond to 6, and as such, crying is important for the process of caregiver-infant bonding 9.  

Suboptimal bonding might therefore affect the crying behavior of infants and vice versa.

The relation between crying and bonding has previously been assessed. Akman et al. 

reported that significantly more mothers with excessively crying infants (EC+) had an insecure 

attachment style as measured with the Adult Attachment Scale compared to mothers of 

infants with normal crying behavior (EC-). Yalçin et al. reported similar findings using the 

Postpartum Bonding Questionnaire 10,11. This suggests that crying is indeed associated with 

bonding. 
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The development of the mother-infant bond starts before birth 12. Mothers associate 

their unborn child with positive feelings, such as warmth, joy, and happiness 13, especially 

during the second half of pregnancy when the fetus becomes more human to the mother 14. 

Nonetheless, to the best of our knowledge, there are no published papers about the relation 

between antenatal bonding and crying. We hypothesized that mothers with lower antenatal 

bonding scores would be more likely to experience the crying behavior of their infant as 

excessive: the lower the score the greater the risk. 

Data on both antenatal mother-infant bonding as well as infant crying behavior were 

gathered in a large prospective study within our region. That study, the HAPPY study, aimed 

to provide a Holistic Approach to Pregnancy and the first Postpartum Year 15. Participating 

mothers were asked three questions about the crying behavior of their infants at six weeks 

postpartum. Additionally, mothers had been asked to fill in the Pre- and Postnatal Bonding 

Scale (PPBS) at 32 weeks gestational age 16.

Furthermore, due to the holistic approach of the HAPPY study, several possibly 

influential variables were also investigated, such as the infant’s gender, nutrition, and his or 

her health condition including atopic features and gastro-intestinal functioning 2,3,17. These 

are frequently examined infant-related variables influencing crying behavior 2. Maternal 

variables such as her educational level, age and mood were also assessed 18. Especially 

the latter is considered an important confounder. A depressed maternal mood has been 

described to affect both self-reporting, mother-infant bonding and the crying behavior of 

infants 18–20. 

The aim of this study was to assess whether a relation exists between antenatal bonding 

scores and the reporting of crying behavior of infants after adjustment for relevant infant-

related and mother-related variables at different points in time, in order to contribute to the 

risk profile for EC and the management of this important problem. 

METHODS

Participants and procedure
Women who were included in the HAPPY study during its first year (April 2013 – 2014, n = 

1147) received the Pre- and Postnatal Bonding Scale (PPBS) at 32 weeks of gestational age 

in order to validate that questionnaire. According to the HAPPY protocol, these women had 
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also received several other questions and questionnaires regarding their obstetric history, 

life style, health status, socio-economic status and mood at 12, 22 and 32 weeks gestational 

age 15. Furthermore, they were followed-up at set time points in the postpartum period 

to investigate their well-being and the well-being of the infant, including three questions 

about the infant’s crying behavior in the sixth week postpartum 15. An overview of the timing 

of assessments in the HAPPY study and the current study is shown in Figure 1. For more 

information on the HAPPY protocol, its in- and exclusion criteria, measurements, and 

objectives, see Truijens et al. 15.

Childbirth

T1
12 wks AN

T2
22 wks AN

T3*
32 wks AN

X X XI

Inclusion for HAPPY study
during 1st midwife-visit

I I X

First trimester Second trimester Third trimester

X X
T4
1 wk PN

T5**
6 wks PN

X
T6

4 mo PN

Further follow-up HAPPY study

* Women included from April 
2013 – 2014 received PPBS

** Standard HAPPY protocol includes 
questions about infant crying at T5

FIGURE 1. Timeline of the protocol of the current study within the HAPPY study.
The entire antenatal (AN) period is shown divided into the first, second and third trimester and separated from 
the postnatal (PN) period by the moment in time (X) representing childbirth. Specific time points during the 
HAPPY study are indicated by T1, T2, etc. Questions or questionnaires belonging to the HAPPY study are sent 
to participants at these times. These include questions about the crying behavior of infants to all participating 
women at T5 (indicated with **). The Pre- and Postnatal Bonding scale (PPBS) on the other hand was sent to 
a subset of women included in the HAPPY study at T3 (32 weeks (wks) gestational age, indicated with an *) in 
order to validate that questionnaire.

For the current study, all women who completed the PPBS and all other questionnaires 

relevant for this study were eligible and therefore included. Consecutively, women who gave 

birth preterm, or to an infant with a severe congenital anomaly or syndrome were excluded. 

Baseline characteristics of all resulting participants after exclusion can be seen in Table 1. 
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TABLE 1. Characteristics of all 894 included women and their infants, and women 
reporting their infant to cry excessively at six weeks postpartum (EC+) versus women 
not reporting their infant to cry excessively at six weeks postpartum (EC-). 

Total (n = 894) EC + (n = 47) EC - (n = 847) p-value

   Mean 
(SD) n (%) Mean 

(SD) n (%) Mean 
(SD) n (%) T X2

Demographic features
Age (in years) 30.6 (3.7) 30.8 (4.0) 30.6 (3.7) 0.69

Educational level 0.31

Low-medium 329 (37) 14 (30) 315 (37)

Higha 565 (63) 33 (70) 532 (63)

Marital status 0.56

With partner 888 (99.3) 47 (100) 841 (99.3)

Single 6 (0.7) 0 6 (0.7)

Life style habits during pregnancy
Alcohol + 48 (5.4) 4 (8.5) 44 (5.2) 0.33

Smoking + 51 (5.7) 1 (2.1) 50 (5.9) 0.28

BMI 23.8 (3.9) 23.1 (3.1) 23.8 (4.0) 0.22

Obstetric features – pregnancy
Unplanned  
pregnancy

45 (5) 2 (4.3) 43 (5.1) 0.80

Parity 0.56

Primiparous 420 (47) 24 (51) 396 (46.8)

Multiparous 474 (53) 23 (49) 451 (53.2)

Prev. misc/abort. 248 (28) 9 (19) 239 (28) 0.18

Obstetric features – delivery
Mode of delivery 0.26

Non-instr. 767 (86) 41 (87) 726 (86)

Instr. assist. 63 (7) 5 (11) 58 (6.8)

C-section 64 (7) 1 (2) 63 (7.4) 0.20

GA at birth (wk) 39.9 (1.1) 39.9 (0.8) 39.9 (1.1) 0.84

Psychological characteristics – pregnancy
Depression in 
hist.

129 (14) 7 (15) 122 (14) 0.93

Score on PPBSb 12.4 (2.4) 11.5 (2.3) 12.4 (2.4) 0.01

EDS 32 wks GAc 4.9 (4.2) 5.4 (4.3) 4.9 (4.2) 0.42

GM EDS scorec 4.7 (3.4) 5.4 (3.8) 4.6 (3.4) 0.15
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Psychological characteristics – postpartum
EPDS 1wpp 4.6 (4.2) 6.1 (4.7) 4.5 (4.1) 0.01

EPDS 6wpp 5.0 (4.4) 7.4 (4.6) 4.9 (4.3) <0.001

Infant related parameters
Gender 0.39

Boy 446 (49.9) 21 (43) 427 (50.5)

Girl 448 (50.1) 26 (57) 420 (49.5)

Birth weight (g) 3532 (436) 3583 (420) 3530 (437) 0.41

Breastfed at 
6wpp

427 (47.8) 15 (32) 412 (49) 0.03

On reflux meds 29 (3.2) 8 (17) 21 (2.5) <0.001
On defecat. 
meds 25 (2.8) 4 (8.5) 21 (2.5) 0.02

>1 fever episodes 84 (9.4) 5 (11) 79 (9.3) 0.76

Daily coughing 22 (2.5) 4 (6) 19 (2.2) 0.08

Skin rashes 153 (17) 17 (36) 136 (16) <0.001
Abbreviations: SD, standard deviation; T, t-test value; X², chi-square test value; Prev. misc/abort., previous 
miscarriage / abortion; Non-instr., non-instrumental, spontaneous delivery; Instr. assist., Instrumentally assisted 
delivery, C-section, Cesarean Section; GA, Gestational age (weeks); hist., history; PPBS, Pre- and Postnatal 
Bonding Scale; EDS, Edinburgh Depression Scale; GM EDS, Grand Mean – EDS (mean of EDS scores at GA 12 
+ 22 + 32); EPDS, Edinburgh Postnatal Depression scale; 1wpp / 6wpp, one or six weeks postpartum; meds, 
medication; defecat., defecation. a) Bachelor or Master’s degree, b) higher score reflects better bonding, c) 
higher scores reflects more depressive symptomatology. Bold: Significance as defined by p ≤ 0.05.

A comparison between these 894 women and the entire HAPPY sample revealed no 

significant differences regarding age, education, and mental health scores at 12 weeks 

of pregnancy. The Medical Ethics Committee of Máxima Medical Centre, Veldhoven, the 

Netherlands approved the HAPPY study. A written informed consent was obtained from all 

participants. 

Assessments

Dependent variable: crying assessment at six weeks postpartum
At six weeks postpartum, women were asked three questions about the crying behavior 

of their infants; one quantitative, one qualitative, and one semi-qualitative question (see 

the appendix of this chapter). Infants were termed ‘excessive criers’ when their mothers 
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scored high on all three questions, i.e. when mothers reported their infants to 1) have a 

daily crying routine, with 2) one or more crying episodes lasting more than half an hour, 

which mothers interpreted as 3) crying often or very often. To examine the robustness of the 

maternal reports, we investigated the relation between the answers to the questions about 

crying and a question about efforts to soothe infants by swaddling them. Swaddling is the 

old-aged practice of wrapping infants tightly in blankets to restrict their movements in an 

attempt to calm them 3. Mothers that swaddled their infant ‘always or never’, and mothers 

swaddling their infant ‘depending on their crying behavior’ were identified. 

Independent variable: bonding assessment at 32 weeks pregnancy
Antenatal bonding was assessed with the PPBS data gathered in the HAPPY study. The PPBS 

is a five–item bonding scale containing only positive statements to describe maternal feelings 

toward her unborn child. It showed to be a robust instrument with excellent psychometric 

properties 16. The five items are ‘Over the past four weeks, I can describe my feelings toward 

my baby in my belly to be loving (item 1), happy and joyful (item 2), the most beautiful thing 

that ever happened to me (item 3), extraordinary (item 4), and blissful (item 5)’. Women 

have to answer on a four point Likert scale from ‘not at all’ (score 0) to ‘very much’ (score 3) 

and a higher score on this scale ranging from 0 – 15 reflects better bonding. For a detailed 

description on the PPBS and its construction see Cuijlits et al. 16. 

Confounding variable: Maternal depression
Depressive symptoms were assessed using the Edinburgh Depression scale (EDS) and the 

Edinburgh Postnatal Depression Scale (EPDS). These are ten-item questionnaires, previously 

validated for use during pregnancy 21 and in the postpartum period 22 and currently used 

extensively in over 40 countries worldwide including the Netherlands 23. In the HAPPY 

study, EDS scores were obtained at 12, 22 and 32 weeks of gestation and EPDS scores at one 

and six weeks postpartum (and onwards). In the current study, both the 32-week EDS score 

(the score at the time of the PPBS) and a grand mean of the antenatal EDS scores at 12, 22 

and 32 weeks (GM EDS) were used to determine antenatal depressive symptomatology. Both 

the EPDS scores at one week and six weeks postpartum were used to determine postnatal 

depressive symptomatology. Total scores range from 0 to 30. Higher scores indicate more 

depressive symptomatology. The EPDS scores correlated significantly with the PPBS scores 

in the expected direction. However, the effect size was low, demonstrating that the PPBS 
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does not represent the same as the inverse outcome of the depressive mood score (Pearson’s 

r = - 0.20, p < 0.05).  

Relevant mother-related and infant-related variables
Relevant variables such as maternal age, parity and education, as well as the infant’s 

gender, gestational age, birth weight and nutrition (breast milk or formula feeding) were 

retrieved from the HAPPY database. In addition, maternal reports about gastro-intestinal 

dysfunctioning and atopic features of infants were gathered. A gastro-intestinal dysfunction 

was ‘diagnosed’ when infants were in need of medication for either reflux or constipation 

and atopic constitution was ‘diagnosed’ when mothers reported skin rashes or coughing not 

related to any infection to be present ‘very often’ or ‘continuous’. A possible association 

between multiple periods of fever and crying was examined as well. 

Statistical analyses
Statistical analyses were performed using the Statistical Package of Social Sciences (SPSS, 

version 22, IBM, Chicago, Illinois, USA). As a first step, women were divided into an EC+ 

and EC- group. Differences between these two groups were analyzed at a univariate level 

with t-tests comparing the means and standard deviations (SD) for continuous variables 

and χ² statistics for categorical variables, including swaddling behavior. All variables except 

swaddling are displayed in Table 1 and considered significant and relevant for entering into 

a multivariate analysis if p ≤ 0.05. Additionally, mothers were categorized into three groups 

and the percentages of EC+ babies within these groups were calculated to visualize the 

pattern of the relation between bonding scores and crying. Suboptimal bonding was defined 

as more than 1 SD below the average PPBS score (corresponding to the 15th percentile), 

optimal bonding as more than 1 SD above the average PPBS score (corresponding to the 

75th-100th percentile) and normal bonding as between -1 SD and +1 SD (corresponding to 

the 16-74th percentile). Also, because maternal depression was considered a very important 

determinant of PPBS scores based on literature, the relation between infant crying and 

maternal depression was evaluated throughout time using a GLM-ANOVA. 

Finally, a multiple logistic regression analysis was performed (OR; 95% CI) with EC+/- as 

the dependent variable, antenatal bonding as the independent variable, and adjustment for 

the variables that were significantly related to the dependent variable at a univariate level. 
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RESULTS

In total, 995 of the 1147 women (87%) who received the PPBS returned it completed, of 

whom 101 were excluded based on the exclusion criteria. Of the resulting 894 women, 

47 (5.3%) reported the crying behavior of their infant to be excessive according to our 

definition (EC+). Swaddling was common for 36% of the EC+ group (N = 17), compared to 

15% in the EC- group (N = 131) (χ² (1) = 13.8, p < 0.001). As can be seen in Table 1, several 

other characteristics were significantly different when comparing the EC+ group to the EC- 

group, including the score on the PPBS. The mean score was 12.4 (SD 2.4) for the 847 

EC- women and 11.5 (SD 2.3) for the 47 EC+ women (p = 0.01, t = 2.56, Cohen’s d 0.38, 

reflecting a small to moderate effect size). When categorizing women into three groups 

(PPBS scores more than one SD below the mean, scores between one SD below the mean 

and one SD above the mean, and scores more than one SD above the mean), women with 

the lowest PPBS scores reported a 3.1 times higher EC+ percentage (χ² (2) = 6.69, p = 0.04) 

than women with the highest scores, 9.3% versus 3% respectively, see Figure 2. 

FIGURE 2. Percentages of infants that cry excessively (EC+) when categorizing 
mothers into three groups according to their antenatal bonding scores.
Three groups are formed: mothers scoring more than one standard deviation (SD) below the average, 
corresponding to the 15th percentile, mothers scoring between -1 SD and +1 SD, corresponding to the 16-74th 
percentile, and mothers scoring more than one SD above the average score on the Pre- and Postnatal Bonding 
Scale (PPBS), corresponding to the 75-100th percentile. PPBS scores < –1 SD: 0-9, N=129; scores between 
-1 SD and +1 SD: 10-14, N=530; scores > +1 SD: 15, N=235. Percentages of EC+ infants differed significantly 
between the three groups, they were 9.3%, 5.3% and 3.0% respectively (χ² (2) = 6.69, p = 0.035).
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The EPDS scores at six weeks postpartum were also significantly related to crying (Table 

1). The mean EPDS score was 4.9 (SD 4.3) for the 847 EC- women and 7.4 (SD 4.6) for the 

47 EC+ women (p = 0.001, t = 3.62, Cohen’s d 0.56, reflecting a moderate effect size). A 

GLM-ANOVA showed that women with EC+ infants had a significantly different pattern of 

depressive symptomatology throughout pregnancy and up until six weeks postpartum (see 

Figure 3). Mean scores were continuously higher and increased more for the EC+ group (F 

= 10.9, p = 0.001). 

FIGURE 3. Difference between mean EDS scores of mothers in EC+ and EC- group 
throughout time as calculated with a repeated measurement analysis of variance. 
The y-axis reflects the mean EDS score and the x-axis the measurement intervals. The difference between the 
repeatedly measured EDS scores in the EC+ and EC- group was statistically significant (F = 10.9, p = 0.001). 
The included intervals were 1) the antenatal period, 2) immediately postpartum and 3) six weeks postpartum. 
For the antenatal interval, the grand mean of three EDS scores at three different moments during pregnancy was 
used (12 weeks, 22 weeks and 32 weeks).

In addition to depressive symptomatology and antenatal bonding, four other variables 

showed a significant difference between the EC+ and the EC- group as shown in Table 1. A 

multiple logistic regression analysis with EC+/- as dependent variable and antenatal bonding 

as independent variable showed that the effect of bonding persisted when adjusting for 

depressive symptomatology and those four other variables (OR = 0.86, 95% CI [0.76-0.97]), 

as can be seen in Table 2. 
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TABLE 2. The odds ratios (OR), 95% confidence intervals (95% CI) and p-values of 
having an excessively crying infant (dependent variable) as measured by maternal 
reporting at six weeks postpartum (multiple logistic regression analysis, N = 894).

Parameter OR 95% CI p-value
Mother related variables
Score on antenatal bonding questionnaire 0.86 0.76 – 0.97 0.016*

GM EDS score 0.94 0.85 – 1.05 0.278

EPDS score at one week postpartum 1.01 0.93 – 1.08 0.744

EPDS score at six weeks postpartum 1.09 1.02 – 1.17 0.005*

Infant related variables
Reflux medication (yes / no) 6.31 2.49 – 16.02 <0.001*

Breastfed at 6 weeks postpartum (yes / no) 0.49 0.25 – 0.95 0.034*

Skin rashes (yes / no) 2.58 1.34 – 4.98 0.005*

Constipation medication (yes / no) 3.37 1.00 – 11.34 0.050*

Abbreviations: OR, odds ratio; CI, Confidence interval, GM EDS, grand mean Edinburgh Depression Scale (the 
mean of the 12, 22 and 32 week gestational age EDS score); EPDS, Edinburgh Postnatal Depression Scale. * 
Significance as defined by p-value ≤ 0.05 

The OR of 0.86 for the score on the antenatal bonding questionnaire (PPBS) implies 

that each point scored on this scale reduced the chance of reporting an EC+ infant with 

14%. Additional persisting effects (p ≤ 0.05) on EC were found for maternal depressive 

symptomatology at six weeks postpartum (OR = 1.09, 95% CI [1.02-1.17]) and all four 

infant-related parameters. Reflux medication (OR = 6.31, 95% CI [2.49-16.02]), skin rashes 

(OR = 2.58, 95% CI [1.34-4.98]), constipation medication (OR = 3.37, 95% CI [1.00-11.34] 

and being breastfed at six weeks postpartum (OR = 0.49, 95% CI [0.25-0.95] all had a 

significant effect on maternal reporting of crying behavior. 

A proxy of the total variance predicted by this model was 5-16%, as reflected by the Cox-

Snell and Nagelkerke coefficient (0.05 and 0.16 respectively).
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DISCUSSION

Antenatal bonding scores and infant crying
The aim of the current study was to investigate the relation between maternal antenatal 

bonding scores and the crying behavior of infants at six weeks postpartum within a 

multifactorial model. In total, 5.3% of the mothers reported their infant to cry excessively 

according to our definition. The mean antenatal bonding score (PPBS) of the mothers in the 

EC+ group was significantly lower compared with the EC- group mean score. This difference 

persisted after adjusting for several infant-related and mother-related variables, including 

antenatal and postnatal depressive symptoms. In fact, a multiple logistic regression analysis 

demonstrated that each point increase on the PPBS reduced the risk of reporting an EC+ 

infant by 14% (OR 0.86, p = 0.016) which is interesting seeing that excessive crying is a 

costly complaint for health care, sometimes even leading to child abuse 3,24. For clinical 

practice, these findings thus suggest that identifying women with poor antenatal bonding 

could be worthwhile for educational purposes and risk profiling. 

The findings were obtained in a sample comparable to the total Dutch population when 

regarding obstetric features (parity, mean age, term of gestation) 25 and mental health scores 

as measured by the EDS 21. Nevertheless, differences existed between this sample and the 

Dutch population regarding ethnic diversity (women were Caucasian only) and the level 

of education. In this sample, 63% of the women were highly educated (aged 20 – 42), in 

comparison to approximately 44% of all Dutch women between 25 and 35 years 26, which 

might reduce the generalizability. Generally, for example, the percentage of EC+ infants 

reported in studies (15–30%) is higher than the percentage reported in our study (5.3%) 2,27, 

which could be due to the new measurement of EC used by us. 

Since the early 1950s, the most widely used measurement is Wessel’s quantitative ‘rule 

of three’, saying that crying is excessive when lasting for three hours, during three days 

a week, for over three weeks 2. However, in 1962 another classic definition for EC was 

introduced by Brazelton stating that any amount of crying that worries parents is excessive 28. 

Since crying is considered a communicative cue in the mother-infant dialog, and not only 

the duration, but also the perception of a cue can be disturbing, both a qualitative and a 

quantitative definition seem justified.
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Lucassen et al. systematically analyzed EC+ incidences and reported varying cumulative 

incidences (5-19%) depending on the definition of EC 29. High incidences were found 

when using purely quantitative definitions, whereas qualitative definitions yielded low 

EC+ incidences of about 5% 29. In the current study, we used three semi-qualitative, semi-

quantitative questions that were asked routinely within the HAPPY study as part of its 

holistic examination of the well-being of mother and infant. Only those infants of women 

scoring high on all three questions were considered EC+. In agreement with the literature, 

the EC+ percentage based on the quantitative part of the measurement was 16%, whereas 

the qualitative part reduced the EC+ percentage to 5.3%. It seems that mothers are less 

inclined to report high scores for qualitative questions about their infant’s crying behaviors. 

A quantitative definition could thus overestimate the percentage of EC, especially with a cut 

off for crying episodes considered excessive at merely 30 minutes. The combination of the 

questions therefore appears to be relevant. Together the questions assess both the possibility 

of an actual increase in the amount of crying due to suboptimal bonding, and, since both 

variables were measured using maternal reports, also a possible association between the 

mother’s antenatal and postnatal perceptions of her infant and his or her cues, without 

an actual increase in crying duration. As previously stated, not only the actual duration 

of crying, but also the perception of crying can disturb the mother-infant dialog. Defining 

excessiveness based on both a qualitative and a quantitative measure thus seems valid. 

Moreover, the validity of the EC+ measure is supported by the fact that swaddling, in an 

attempt to soothe infants, was significantly more common in the EC+ group.

When dividing this EC+ group into three subgroups, the EC+ percentage significantly 

increased in mothers that were categorized into the group with the lowest PPBS scores, in 

other words, the mothers experiencing the least positive feelings such as joy and blissfulness 

toward their fetus. These women reported their infant to cry excessively 3.1 times more 

than women scoring highest on the PPBS did and this effect persisted after adjustment for 

several important variables. The most important variable that was adjusted for, was maternal 

depressive symptomatology 18. 

Variables
Maternal depressive symptomatology affected the reporting of EC. Women in the EC+ group 

constantly had higher mean depressive scores (p = 0.001). Interestingly, as opposed to 

bonding, the antenatal effect of mood on the reporting of infant crying was not significant. 
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The effect of mood was the strongest at six weeks postpartum, the moment that crying 

behavior was assessed. This could reflect the fact that EC also influences (depressed) mood 

instead of only the other way around.

Other important variables that were adjusted for were infant-related. Those variables 

were investigated as quantifiable outcomes whenever possible. For symptoms difficult to 

recognize and therefore difficult to quantify, such as constipation and reflux, prescribed 

medication was used to define the problem. In the current study, the prescription of 

constipation medication was associated with a 3.4-fold risk of having an EC+ infant (p = 0.05), 

whereas medication for reflux was associated with a 6.3-fold risk of having an EC+ infant (p 

< 0.001). However, this should be interpreted with caution. Health professionals often treat 

crying babies who regurgitate or demonstrate back arching with antacid medication without 

further diagnostics 30. In the current study only a fairly modest 3.2% of the neonates received 

reflux medication, even though its prescription has substantially increased over the past 

decades from about 0.5% in 2004 to over 10% in some countries in 2013 30. 

In infants with skin rashes, EC+ was reported 2.5 times more (p < 0.01). An atopic 

constitution can cause itching, which might indeed lead to EC 31. This is supported by the 

fact that maternal milk can protect against atopic constitution and has been reported to 

reduce EC 6. In the current study, breastfeeding halved the risk of reporting an EC+ infant. 

Nonetheless, findings on the relation between breastfeeding and EC are not unanimous 2,27 

and some limitations need to be taken into account to interpret the findings of this study.  

Limitations and strengths
The scale used to assess antenatal bonding is considered a valid tool with excellent 

psychometric properties. However, it has not been used often before. Moreover, a new 

measurement was used to assess and define the crying behavior of infants. Therefore, 

even though the timing of that assessment was in line with literature (at six weeks  

postpartum 5,7), comparing the findings in this study to those in other studies is difficult. 

Furthermore, antenatal depression was measured several times, but antenatal bonding 

was measured only once. To compensate for this, we calculated the effects of a mean 

antenatal EDS score (GM EDS) and the EDS score at 32 weeks gestational age (the time of 

the antenatal bonding assessment) and adjusted for the score demonstrating the strongest 

relation with crying. Finally, the EC- group was significantly larger than the EC+ group, but 

when comparing an EC- subsample of 47 women matched to the 47 EC+ women regarding 
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age and EPDS scores at six weeks postpartum, the difference in the mean antenatal PPBS 

score remained (12.4 versus 11.5). Overall, the sample size of this study can thus be seen as 

a strength. Additional strengths are the total variance that could be explained by the model 

(16%) and the adjustment for several important variables, after which the difference in PPBS 

scores between the EC+ and EC- group remained. The effect size of this difference was only 

small to moderate with a Cohen’s d of 0.38, but a moderate effect is considered an effect 

visible to the naked eye of a careful observer and small is not so small as to be trivial 32. The 

findings of this study are therefore interesting for future research.

CONCLUSION

In this study, antenatal mother-infant bonding was significantly related to the reporting of 

infant crying behavior at six weeks postpartum, even after adjustment for several other 

important variables including maternal depressive symptomatology. This warrants future 

research to further explore a possible relation between antenatal bonding, EC and its 

associated risks. 

ACKNOWLEDGEMENT

The authors would like to thank all participating mothers, the 17 participating midwifery 

offices and all other staff contributing to the HAPPY study. 

Prematurity and the physiology of bonding 

158

8



APPENDIX

Questions and answers
Question Answers Pts Distribution (n, (%))
1. Does your baby cry a lot / a 
little? My baby cries...

“Kunt u aangeven of uw baby 
veel/weinig huilt? Mijn baby 
huilt…”

Hardly ever 1 148 (16.6%) Skewness: 
0.70

Kurtosis: 
0.59

Sometimes 2 450 (50.3%)

Regularly 3 219 (24.5%)

Often 4 60 (6.7)

Very often 5 17 (1.9%)

2. Does your baby have a crying 
routine or a crying hour? 

“Heeft uw baby een huiluurtje?”

No not at all 1 176 (19.7%) Skewness: 
0.37

Kurtosis: 
-0.75

Hardly 2 289 (32.2%)

Yes, but not every day 3 60 (6.7%)

Yes, every day at different times 4 150 (16.8%)

Yes, every day, at a set time 5 219 (24.5%)

3. How long are the crying  
episodes averagely? 

“Hoe lang huilt uw baby dan 
gemiddeld?”

My baby doesn’t have cry episodes 1 273 (30.5%) Skewness: 
0.23

Kurtosis: 
-1.2

Less than 15 minutes 2 243 (27.2%)

15 – 30 minutes 3 238 (26.6%)

More than 30 minutes 4 140 (15.7%)

Questions translated in English and the original Dutch questions. 1) Qualitative question 2) Semi-qualitative, 
semi-quantitative question 3) Quantitative question. Bold: Answers suggesting EC+ infant. Infants were termed 
EC+ when mothers reported a bold answer option for all three questions. 
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intensive care unit
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ABSTRACT

Background: A potentially efficient strategy to enhance bonding is increasing clinicians’ 

awareness of the importance of bonding and of Kangaroo care (KC). In addition, strategies 

are needed for at times when KC is not possible, for instance because parents are not present 

in the NICU. To identify suitable strategies, we needed an overview of the existing strategies 

and technologies aimed at enhancing bonding. 

Aim: To provide a systematic overview of strategies aimed at enhancing bonding by 

performing a literature survey, and to use that overview to identify suitable strategies for 

enhancing parent-infant bonding when parents are not present in the NICU. 

Method: A PubMed search was automatically repeated monthly over a period of 44 months. 

Subsequently, titles were screened and identified interventions were categorized into five 

groups based on the image of the physiology of bonding. Consecutively, interventions were 

logged into a table. Finally, that table was searched for strategies that could enhance bonding 

at times when parents are not present in the NICU. 

Results and conclusion: In total, 21880 titles were screened and 88 strategies to enhance 

bonding were identified. A quarter appeared suitable for enhancing bonding in the absence 

of parents (22 of 88). One strategy, the use of breathing mattresses, was appointed as most 

suitable because it functions through simulating aspects of KC. 

Implications: We acquired breathing mattresses and assigned students from the Eindhoven 

University of Technology to develop other potentially valuable devices. 
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INTRODUCTION

According to neuropsychologists and psychobiologists, bonding is a process of co-regulation. 

This entails that an individual uses his or her capacity to support in the regulation of the 

internal environment of another organism. In order to do so, organisms sense cues that 

reflect the other’s internal environment and respond to those cues. Cues are for instance 

facial expression and voice, but also heart rate, temperature, skin color and scent 1,2. Every 

organism has appropriate sensitivities to send and perceive cues 3, but in preterm infants, 

cues are scarce and difficult to recognize. Due to their physical immaturity, they are less 

capable of expressing their internal state. Parent-infant bonding is thus disturbed in a period 

of time when this is actually needed the most, because during this phase in life these babies 

would normally still have access to co-regulation 24/7 in utero 1,4. 

Currently, the awareness for this problem is growing, and therefore hospitals are more 

inclined to enhance parent-infant bonding by increasing family participation 5. In other 

words, daily caregiving becomes more and more centered around the entire family, a 

philosophy called family centered care. The official Family-Centered Care program, of 

which the core principles were described by Dunn et al. in 2006, is practiced in the NICU 

of the Máxima Medical Centre 6. In addition, several other programs to enhance bonding 

by focusing on family centered care and parent participation have been developed, such as 

NIDCAP (the Máxima Medical Centre also has NIDCAP trained nurses) 7, the Family Nurture 

Intervention 8, and the Creating Opportunities for Parent Empowerment (COPE)-program 9 as 

described in chapter 7, and many more.

Most of these programs promote the education of parents, the training of parents (and 

personnel) to understand infant cues, and the empowering of parents. However, the most 

prominent feature of most of these programs is promoting skin-to-skin contact, mostly called 

Kangaroo care (KC). The skin-to-skin contact during KC enables maximal parent-infant co-

regulation 1. KC is often embedded in a broader caregiving principle called Kangaroo mother 

care, meaning that in addition to kangarooing, hospitals focus on exclusive breastfeeding 

and attempted early discharge 10. This concept was conceived in Bogotá in response to 

overcrowding and insufficient resources in NICUs. It was an alternative to the usually 

minimal in-hospital care for low birth weight infants 11. Nowadays however, it is considered 

the most feasible and readily available intervention for enhancing bonding while decreasing 

neonatal morbidity and mortality, regardless of the sufficiency of resources 10–14. 
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Kangarooing and educative programs are however not the only way to enhance bonding, or 

in other words, to optimize the co-regulation or cue exchanging between parents and their 

infants. Many other strategies and technologies have been proposed. For instance changing 

the NICU design, e.g. building single-family room NICUs and using video observations to 

help parents understand their infant’s cues. In fact, similar to the airplane rule of ‘putting 

on your own oxygen mask first’, all interventions enhancing parent self-regulation (or infant 

self-regulation) also enhance parent-infant co-regulation indirectly. This means that, in a 

way, even post-labor pain medication for mothers can enhance parent-infant bonding. 

Nonetheless, even though it appears that parent-infant bonding can be enhanced in various 

ways, recent literature shows that parent-infant bonding is still suboptimal in preterm  

infants 1. Therefore, enhancing bonding remains necessary. 

Since KC is freely available, a potentially efficient strategy to enhance bonding is 

increasing clinicians’ awareness of the importance of KC 1. However, in addition, strategies 

are needed for at times when KC is not possible, for instance when parents cannot be 

present in the NICU even though they want to be there, for example because older siblings 

at home need attendance, or because there is restricted parental leave for fathers and in 

some countries both parents. To be able to identify suitable strategies for times like these, we 

needed an overview of the existing strategies and technologies aimed at enhancing bonding. 

Both unfortunately as well as fortunately, it appeared impossible to create a complete 

overview. As was illustrated by the example of post-labor pain medication, the strategies to 

enhance co-regulation can be very diverse and virtually endless. This is fortunate, but the 

challenge it imposes on creating a comprehensive overview is unfortunate. Nonetheless, we 

tried to be as complete as possible by dividing strategies and technologies into categories. 

METHOD

We conducted a study consisting of both a literature survey and an investigation amongst 

stakeholders. The latter part is published in the Health Environments Research & Design 

Journal and included in this thesis as an appendix. To summarize that paper: while 

identifying existing products aimed at enhancing bonding, we simultaneously developed 

a questionnaire to evaluate bonding-enhancing products and consecutively used the 

questionnaire to interview stakeholders about the existing products to answer the question 
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“How to use product-design to improve bonding between parents and their premature 

babies admitted to the NICU?”. The current chapter only describes the first part: identifying 

and categorizing the existing products and other strategies to enhance bonding, which was 

done by performing a literature survey. 

A literature search was conducted in PubMed and automatically updated each month. 

Search terms can be seen in Table 1. 

TABLE 1. PubMed search for bonding-enhancing interventions
Search ((((((((bonding[Title/Abstract]) OR attachment[Title/Abstract]) OR “neurodevelopmental care”[Title/
Abstract]) OR “neuroprotective”[Title/Abstract]) OR parents[Title/Abstract] OR parent[Title/Abstract] OR nur-
ture[Title/Abstract])) AND ((((((“nicu”[Title/Abstract]) OR “neonatal intensive care unit”[Title/Abstract]) OR 
“preterm infant”[Title/Abstract]) OR “preterm infants”[Title/Abstract]) OR “premature infant”[Title/Abstract]) OR 
“premature infants”[Title/Abstract])) AND (((((((((“intervention”[Title/Abstract]) OR program*[Title/Abstract]) OR 
technology[Title/Abstract]) OR design[Title/Abstract]) OR device[Title/Abstract]) OR education[Title/Abstract]) 
OR treatment[Title/Abstract]) OR training[Title/Abstract] OR therapy[Title/Abstract]) OR session[Title/Abstract]) 
OR strategy[Title/Abstract]))

Each month I received an email from PubMed with the newest titles, which I subsequently 

screened for bonding-enhancing strategies or technologies, i.e. bonding-enhancing 

interventions. Identified interventions were categorized into five groups. In addition to skin-

to-skin contact (category one) and (educative or training) programs enhancing bonding 

(category two), I used three more categories for bonding-enhancing interventions. These 

categories are based on the image of the physiology of bonding as can be seen in Chapter 2 

and in Kommers et al. 2017 2, showing that bonding is based on the sending and perceiving 

of cues. Bonding-enhancing interventions can thus be categorized as: 

1. Skin-to-skin contact or Kangaroo care (KC)

2. Educative or training programs enhancing bonding

3. Facilitating or simulating the setting for maximal cue exchanging, i.e. KC 

4. Enhancing the sending of cues, i.e. exposing infants to parental cues, or parent and 

infant to familiar cues 

5. Enhancing the perceiving of cues, i.e. enhancing communication at a distance

When identifying a bonding-enhancing intervention, its name and reference was logged 

into a table to keep track of all interventions (see the appendix of this chapter). Finally, 
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that table was searched for strategies that could enhance bonding at times when KC is not 

possible, especially due to the absence of parents. These strategies were marked. 

RESULTS 

In total, 21880 titles were screened over a period of 44 months (October 2013 until May 

2017). Six KC strategies, 55 programs, five KC facilitating or simulating strategies, 15 

strategies to enhance the sending of cues, and seven strategies to enhance the perceiving of 

cues were identified (see the appendix of this chapter). 

Category one, skin-to-skin contact, is represented by Kangaroo mother care, breastfeeding 

and forms of massage therapy. Category two is represented by 55 similar but different 

educative, training, motivational, teaching, demonstrational, or otherwise supporting early 

intervention programs, of which NIDCAP and COPE are two examples. Category three 

consists of strategies that either facilitate KC (such as wireless patient monitoring, KC chairs, 

or KC sweaters), or simulate aspects thereof (such as a breathing mattress). Examples of 

strategies in category four are music therapy and the Breathing Bear, whereas category five 

comprises for instance web camera use in the NICU. 

One out of four strategies appeared suitable for enhancing bonding in the absence of 

parents (22 of 88). One of those 22 strategies functions through simulating aspects of KC, 

which is the strategy of using breathing mattresses.  

DISCUSSION

In this study, an overview of existing strategies and technologies to enhance bonding in 

NICUs was generated, with the objective to identify strategies that are suitable to enhance 

bonding at times when KC is not possible, especially due to the absence of parents. However, 

since parent-infant bonding is the process of parent-infant co-regulation, and this can also 

be enhanced by enhancing self-regulation of either the parent, or the infant, the strategies to 

enhance co-regulation can be very diverse and virtually endless. 

Sibling co-bedding has been described as an interesting intervention in chapter 7, and 

even though this is not direct parent-infant cue exchanging, indirectly it might enhance 



Strategies and technologies to enhance bonding in preterm infants

171

infant-sibling regulation and thereby parent-infant co-regulation. Similarly, I have had expert-

discussions about the possibility of having volunteers perform KC to enhance regulation, 

and even though this is an ethically challenging issue (not all parents approve of this), I 

have heard of instances where this occurred. Furthermore, post-labor pain medication was 

mentioned as a way to potentially enhance parent-infant bonding in the introduction. As 

previously stated, the reason for this diversity in strategies is that bonding is co-regulation, 

and therefore every regulatory system can be a part of bonding if only it is subjected to the 

influence of another organism (we will discuss this in more detail in the appendix of this 

thesis). Therefore, in order to be as complete as possible, we performed an elaborate literature 

survey in which all identified strategies and technologies were divided into categories. 

Naturally, interventions can belong to two or more categories. For instance, because 

the Family Nurture Intervention is a program, it is assigned to category two. However, since 

KC is performed in the program it also belongs to category one, and since scented clothes 

are used it also belongs to category four 8. In addition, several studies have been performed 

using music therapy 15, or maternal voice recordings, or maternal biological sounds 16, and 

when these sounds are recorded at a distance, but played in the NICU, they belong to both 

category four and five. However, even when taking into account the fact that strategies 

can belong to more categories, only one strategy was found that used simulation of KC to 

enhance parent-infant bonding in the absence of parents. Which is remarkable, since KC is a 

period of maximal bonding in a NICU, and therefore simulating or supporting the KC effect 

seems an efficient way to enhance bonding. 

Implications
We acquired breathing mattresses and assigned students from the Eindhoven University 

of Technology (TU/e) to develop other devices potentially valuable for enhancing parent-

infant bonding. We considered one TU/e made device, designed to support the effect of KC 

while parents were no longer present in the NICU, suitable for testing in a clinical study. In 

addition, the breathing mattresses were used in clinical studies. The results of these studies 

are described in the next two chapters.  
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APPENDIX

BONDING-ENHANCING INTERVENTIONS PER CATEGORY

Category one – Skin-to-skin contact to enhance bonding

Kangaroo mother care 10, Breastfeeding 17, Plan, do, study, act model to increase KC 18, Massage therapy, 
partial skin-to-skin contact 19, Yakson touch as a part of early intervention 20, PREMM: preterm early massage 21

Category two – Educational programs to enhance bonding

Home support 22, Family Integrated Care model of neonatal intensive care 23, Home educational  
materials 24, Shared book reading 25, NIDCAP and support to mothers using NIDCAP 26, Advances in family-
based interventions 27, Preparing for Home: neonatal discharge package 28, Neonatal Discharge Assessment  
Tool 29, New Family-Integrated Neonatal Unit 30, Nurse-Parent Support Tool 31, Antenatal consultation 32, Shared 
decision making 33, Eating in SINC 34, Intervention program on maternal and paternal parenting stress after 
preterm birth 35, Early comprehensive care 36, Early parent-administered physical therapy 37, Part C early 
intervention enrollment in LBWI 38, Preventive parenting intervention 39, Health literacy 40, Medical improvisation  
training 41, Narrative writing 42, Parental presence during multidisciplinary rounds 43, Close Collaboration 
with Parents intervention 44, Free parking trial to enhance visitation 45, Internet based education on maternal 
satisfaction 46, Transition Home Program 47, “Giving us hope”: Train-to-Home 48, Online Social Support in 
Supporting and Educating Parents of Young Children with Special Health Care Needs 49, Supporting Parents 
of Premature Infants Transitioning from the NICU to Home: Smartphone Application 50, Comprehensive 
NICU parental education: Beyond Baby Basics 51, Simulation as part of Discharge Teaching 52, NICU-based 
interventions to Reduce Maternal Depressive and Anxiety Symptoms: a Meta-Analysis 53, Effect of an Educational 
Presentation about Extremely Preterm Infants on Knowledge and Attitudes of Health Care Providers 54, Parent 
Support Programs and Coping Mechanisms In NICU parents 55, PreHomeCare using video consultation 
and smartphone applications 56, PREEMI 57, Family Nurture Intervention 8, MITP 58, COPE 9, Family Centered  
Care 6, Seven core protective measures 5, Vermont Oxford Neonatal Quality Improvement Collaborative 59, Early 
preventive attachment-oriented psychotherapeutic intervention program training 60, Parental stress reduction  
therapies 61, Parent training on motor skills 62, Personal psychologists 63, Video interactive treatment 64, The BABIES  
model 65, The post-discharge Infant Behavioral Assessment and Intervention Program (IBAIP) 66, Dedicated 
parental training program 67, Parent Baby Interaction Programme (PBIP) 68, A developmentally appropriate  
NICU 69, Parent involvement 70, Parent program on emotion regulation 71, Safe Sleep 72  

Reviews on parenting interventions: Benzies et al 73, Herd et al 74, Spittle et al (Cochrane) 75, Rick et al 76, 
Ramachandran et al 77, Iams et al 78, Vanderveen et al 79

Category three – Facilitating or simulating the setting for KC to enhance bonding

Breathing mattresses 80, Potential for wireless patient monitoring in NICUs, facilitating KC, for instance 81, 
Architectural NICU design to facilitate KC (e.g. single family rooms) 82, Kangaroo chairs and sweaters or other 
holding devices 83,84

Category four – Enhancing the sending of cues to enhance bonding

Music-therapy 85–88, Tactile stimulation including the ATVV intervention 89, Breathing Bear 90, Enhancing 
sensory experiences for very preterm infants in the NICU: an integrative review 91, Striving for Optimum 
Noise-Decreasing Strategies 92, Auditory Exposure in the NICU: Room Type and Other predictors 91, 
Positioning / handling interventions 93, Sensory experience and development – view to the future 94, 
Auditory development and exposure 16,95–100, Parent voices 101,102, Olfactory stimulation 103, Artificial womb 
for acoustics stimulation 104, Mimo 105, Electronic toy for ex-preterm infants 106, Changing the design of 
neonatal incubators: a systems-oriented, human-centered approach 107
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Category five – Enhancing the perceiving of cues to enhance bonding

Web camera use in the NICU 108, Short Message Services (SMS) to provide medical updating in the  
NICU 109, Telemedicine in Neonatal Home care 110, Video decision aid 111, Electronic communication 
preferences among mothers in the NICU 112, The Baby Moves prospective cohort study 113, Integrative review 
of technology to support communication with parents of infants in the NICU 114

Bold: strategies suitable for enhancing parent-infant bonding in the absence of parents
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ABSTRACT

Objective: To investigate whether an incubator mattress that can mimic chest motions 

and heartbeat sounds (BabyBe GMBH, Stuttgart, Germany) is able to simulate the effect of 

Kangaroo Care (KC) as measured by features of heart rate variability (HRV). 

Method: We employed a within-subject study design in which each routine KC session was 

followed by a BabyBe session, with a washout of at least two hours to allow the effect of 

KC to decay. The start and end times of KC and BabyBe sessions were annotated by nurses. 

Data from the pre-KC, KC, post-KC, pre-BabyBe, BabyBe and post-BabyBe periods were 

retrieved from the patient monitor. Five time domain features of HRV were used to visually 

and statistically compare both types of interventions. Two of these features were developed 

in our previous study to capture the contribution of transient decelerations to HRV reflective 

of regulatory instability, the pDec and SDDec. 

Results: A total of 182 KC and 180 BabyBe sessions were analyzed in 20 preterm infants. 

Overall, HRV decreased during KC and after KC. Two of the five features showed a significant 

decrease during KC and all features decreased significantly in the post-KC period (p ≤ 0.01). 

The SDNN and SDDec, the latter reflective of regulatory instability, showed a downward 

trend during BabyBe activity as well, but the effect was not significant. Other HRV features 

did not show changes in response to the BabyBe intervention. 

Conclusion: HRV decreased during KC and showed a downward trend during BabyBe 

activity, but the latter was not statistically significant. Therefore, the co-regulatory effect of 

KC was not simulated by the BabyBe mattress as measured by HRV. 
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INTRODUCTION

Kangaroo care (KC) refers to a period in which diaper-clad infants are placed in prone 

position on a naked caregiver’s chest in order to provide direct skin-to-skin contact. It is 

a frequently used intervention in preterm infants since it reduces morbidity and mortality 

and is safe even in infants who are born very prematurely. KC is associated with multiple 

physiological benefits such as improved temperature and sleep regulation 1–4. This indicates 

that KC and associated parental co-regulation improves upon the regulation/homeostasis 

within the incubator environment 5. 

In previous research, we demonstrated that changes in regulation during KC can be 

captured using features of heart rate variability (HRV) 6. HRV reflects the dynamic, rapidly 

occurring changes in autonomic regulation caused by the primary systems controlling the 

heart rate. In addition to humoral factors, these systems are the sympathetic nervous system 

(SNS) and the parasympathetic nervous system (PSNS). These neuronal pathways can change 

heart rate from beat to beat in order to optimally adapt to changes in the environment 7,8. 

We have shown that this beat-to-beat variability decreases during KC owing to a decrease in 

the extent of transient heart rate decelerations 6. In other words, KC improves the regulatory 

stability of the immature autonomic nervous system of preterm infants. 

However, the duration of time parents can spend kangarooing is often limited 9. For 

instance, fathers have to return to work while mothers might still be recovering from labor, 

or older children at home might need attendance. Therefore, in order to enhance KC, 

hospitals and industry strive to facilitate KC, coach parents about its importance and develop 

techniques or devices aimed at simulating aspects of KC 10. One such device is the BabyBe 

(BabyBe GMBH, Stuttgart, Germany), a mattress that can mimic the sound of heartbeats and 

simulate breathing motion. We conducted a study to investigate whether such a device can 

simulate the effect of KC as measured by features of HRV.
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METHOD

We conducted a prospective clinical study in 20 participants. All participants were stable 

preterm infants, born between 26 – 34 weeks gestational age, who were admitted to the 

tertiary level neonatal intensive care unit (NICU) of Máxima Medical Centre from October 

2016 – March 2017. Exclusion criteria were any serious clinical condition considered to be 

a contra-indication for KC (e.g. sepsis, necrotizing enterocolitis), conditions that interfered 

with breathing (mechanical ventilation), and severe brain pathology (intraventricular 

hemorrhage grade III/IV or cystic periventricular leukomalacia). The medical ethical 

committee of the hospital approved the study and informed consent was obtained from all 

participants’ parents. Table 1 characterizes the participants. 

TABLE 1. Patient characteristics at birth and on the days corresponding to KC sessions

Characteristics Median 25th percentile 75th percentile

Gestational age (weeks) 29.0 27.6 30.6

Birth weight (g) 1267 1030 1437

No. of KC sessions in each infant 9 5.5 11

Duration of KC sessions (min) 100 81 124

PMA during first KC session 30.6 29.8 31.4

PMA for all KC sessions 31.3 30.6 32.0

Postnatal age for all KC sessions 11 5.5 26

For infants that were included in the study, the routine mattress was replaced by the BabyBe, 

which is shown in Figure 1. The BabyBe attempts to simulate chest motions and heartbeat 

sounds in a passive fashion by periodically inflating air bladders that are incorporated within 

the mattress. For the breathing rate, two lung-shaped air bladders are sinusoidally inflated at 

a rate of 13 cycles per minute, corresponding to the typical breathing of an adult at rest. For 

the heartbeats, a round air bladder is biphasically inflated and deflated at a frequency of 68 

cycles per minute to mimic the lub-dubb heartbeat sound (57 dB). Note that the inflation of 

the middle air bladder is audible but not palpable.
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FIGURE 1. The BabyBe mattress

The mattress has two incorporated lung-like air bladders for mimicking chest motion, and one smaller round 
air bladder in the middle for mimicking heartbeat sounds. The air bladders are attached to two tubes (one for 
the two lung-shaped air bladders (blue) and one for the round air bladder (white)) that exit the mattress to be 
connected to the control module which is responsible for inflating and deflating the bladders at the right pace. 

Since KC visibly changes HRV, we designed a study to explore whether simulation of 

parental stimuli offered by the BabyBe exerts a similar effect by asking nurses to switch on 

the BabyBe after each KC session. This within-subject design controlled for intra-individual 

differences in HRV due to for instance gender, gestational age and postmenstrual age. 

Nurses were instructed to switch on the BabyBe two hours after every KC session to allow 

the effect of KC to decay. Since most KC sessions in our unit are around 90 minutes long, the 

BabyBe remained on for this duration. For every KC and BabyBe-session, nurses annotated 

the start and end time. Each participant was included in the study until approximately 10 KC 

and BabyBe sessions were obtained. 

All KC sessions that were shorter than 60 minutes were excluded from analysis. In a 

similar fashion, BabyBe sessions that were shorter than 60 minutes or which started within 
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two hours of the last KC-session were excluded. All patient monitor data, including the 

electrocardiography (ECG) waveform data sampled at 250 Hz, were automatically logged 

in a data warehouse (PIIC iX, Data Warehouse Connect, Philips Medical Systems, Andover, 

MA).

To observe regulatory changes in infants as a result of intervention, be it KC or BabyBe, 

60 minutes of before the intervention, the duration of intervention and 60 minutes after the 

intervention were retrieved from the warehouse and visually and statistically analyzed as 

shown in Figure 2. This figure shows that, since nursing care often occurs immediately prior 

to KC, the more representative first 30 minutes of the pre-KC period are compared to the 

16th-45th minute of KC. This choice of epoch during KC negates, to some extent, changes in 

HRV as a result of the transfer from the incubator to the parental chest. A detailed discussion 

motivating this choice of methodology is provided in our previous publication 6. The stable 

30-minute epoch in the pre-KC period is also compared to a 30-minute epoch in the post-KC 

period. This epoch was chosen to be within the 16th-45th minute of the post-KC period, so as 

to allow effects due to transfer back to the incubator to decay. For the BabyBe intervention, 

similar epochs were chosen (Figure 2). However, it should be noted that since this was an 

observational study, no restraints were placed on nursing care and therefore these did not 

necessarily occur in the 30 minutes prior to the mattress being switched on.  

Similar to our previous study we calculated the normalized mean value and the standard 

error of the mean (SEM) for features of HRV every minute, using data from the previous 

five minutes to obtain a time series graphic for each HRV feature. Normalization entailed 

subtracting the mean value of each feature in the first 30 minutes in the pre-KC period from 

the corresponding time series, as detailed in a prior publication 6. 

In the current study, we employed five time domain features of HRV: the standard 

deviation of the NN-intervals (SDNN), the root mean square of the successive differences 

(RMSSD), the percentage of NN-interval differences larger than 50 ms (pNN50), the standard 

deviation of decelerations (SDDec), and the percentage of transient decelerations (pDec) 6. 

A brief description of the implications of these features can be seen in Table 2. For a more 

detailed description we refer to Kommers et al. 2017 6. 
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FIGURE 2. An illustration of the methodology
The pre-KC, post-KC, pre-BabyBe (BB) and post-BB sessions are 60 minutes long. The duration of KC and 
BB sessions can vary (first 30 minutes + (∆T1 or ∆T3) + last 30 minutes) and therefore the first 30 and last 30 
minutes are used for visualization. The period between the end of the KC period and the onset of the BB is at 
least 120 minutes, but this can also vary, indicated by ∆T2 and the dots (…) separating the timelines of the two 
interventions KC and BB (both starting at 0). Tx and Ty represent the time to transfer the baby from the incubator 
to parental chest and vice versa. A refers to the first minute on the parent’s chest, B to the first minute back in 
the incubator. The first 30 minutes of the pre-intervention periods, and the 16th to 45th minute of the during and 
post-intervention periods, corresponding to the 76-105th and 135-165th+∆T1 or +∆T3 minute of data are used 
as stable epochs for statistical comparisons.

Statistical Analyses
The median and interquartile ranges for the mean values of the HRV features corresponding 

to the stable 30-minute epochs in the pre-intervention, during intervention, and post-

intervention periods for both KC and BabyBe were calculated. Statistical comparisons were 

performed between the pre-intervention and during intervention epochs, as well as the pre-

intervention and post-intervention epochs, using 2-sided paired Wilcoxon signed-rank tests. 

A p-value ≤ 0.01 was considered significant.



Prematurity and the physiology of bonding 

192

10

RESULTS

A total of 182 KC and 180 BabyBe sessions were obtained from 20 preterm infants. The 

dynamic changes in four features of HRV in response to KC and BabyBe are shown in Figure 

3. The RMSSD is not shown due to its theoretical overlap with the pNN50, as seen in Tables 

2 and 3. 

During KC, a decrease in the features of HRV corresponding to the SDNN and SDDec 

can be observed and these values remain low in the post-KC period. In addition, in the 

post-KC period the pNN50 is also lower than in the pre- and during KC period. Results of 

statistical analysis, shown in Table 2 indicate that these changes are statistically significant. 

During BabyBe sessions the overall HRV reflected by the SDNN, and the instability 

of autonomic nervous system regulation reflected by the SDDec show a downward trend 

(Figure 3) but this trend is not statistically significant, as can be seen in Table 3.  

HRV features changed notably during the transfer periods from the incubator to the 

parent’s chest and vice versa. In contrast, the on- and offset of the BabyBe did not change 

HRV features (Figure 3). 
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FIGURE 3. Time series of four heart rate variability features during Kangaroo care 
sessions (left) and BabyBe sessions (right)
Normalized mean ± SEM values are shown for the pre-intervention periods (T1; 0-59th min), the first 30 minutes 
of the intervention period (T2; 60-89 min), the last 30 minutes of the intervention period (T3; 90-119 min), and 
the post-intervention period (T4; 120-180 min). The y-axes represent normalized values of the SDNN (A1+A2), 
pNN50 (B1+B2), SDDec (C1+C2) and pDec (D1+D2). The RMSSD is not shown due to its overlap with the 
pNN50.
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TABLE 2. Implications for, and median and interquartile values of HRV features 
corresponding to the 30-min stable pre-KC, during-KC and post-KC periods, and 
significance based on 2-sided paired Wilcoxon-signed rank tests comparing the pre-
KC to the during KC period and the pre-KC to the post-KC period. 

HRV-feature Implication Pre-KC During KC p-value Post-KC p-value

SDNN (ms) Overall variability 21 [15-30] 18 [12-25] 0.0009 18 [13-24] 0.0005

RMSSD (ms) High-freq variations 10 [6-19] 8 [5-14] 0.0166 8 [5-13] 0.0001

pNN50 (%) High-freq variations 4.2 [1.4-15] 3.6 [1.2-12] 0.74 3.2 [1.0-9.6] 0.01

SDDec (ms) Extent of decel in HR 21 [12-38] 17 [10-30] 0.0008 16 [10-27] 0.0018

pDec (%) %Decel in HR 45 [40-50] 46 [40-50] 0.90 47 [42-51] 0.006

Abbreviations: freq, frequency; decel, decelerations; HR, heart rate

TABLE 3. Implications for, and median and interquartile values of HRV features 
corresponding to the 30-min stable pre-, during- and post-BabyBe (BB) periods, and 
significance based on 2-sided paired Wilcoxon-signed rank tests comparing the pre-
BB and during BB, and the pre-BB and post-BB period. 

HRV-feature Implication Pre-BB During BB p-value Post-BB p-value

SDNN (ms) Overall variability 21 [15-30] 21 [14-30] 0.17 21 [15-28] 0.14

RMSSD (ms) High-freq variations 9 [6-19] 9 [6-18] 0.82 10 [6-20] 0.39

pNN50 (%) High-freq variations 3.7 [1.4-12.7] 4.1 [1.7-12.9] 0.36 5.9 [2.1-15] 0.26

SDDec (ms) Extent of decel in HR 20 [12-39] 21 [11-37] 0.77 19 [13-37] 0.38

pDec (%) %Decel in HR 46 [41-50] 45 [40-50] 0.41 45 [41-50] 0.43

Abbreviations: freq, frequency; decel, decelerations; HR, heart rate

Two of the five features, the SDNN and the SDDec, showed a significant decrease between 

the pre-KC and KC period. All features showed a significant change between the pre-KC and 

post-KC periods. In all features except pDec, this change corresponded to a decrease. None 

of the features showed a significant change between the pre-BabyBe and BabyBe period or 

between the pre-BabyBe and post-BabyBe period. 
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DISCUSSION

In this study, we analyzed the effect of an incubator mattress that simulates breathing motion 

and mimics heartbeat sounds (BabyBe GMBH, Stuttgart, Germany) on features of HRV in 

20 preterm infants. We compared that effect to the effect of KC in the same infants. In total, 

180 BabyBe sessions and 182 KC sessions were analyzed using five time domain HRV 

features, the SDNN, RMSSD, pNN50, SDDec and pDec. Similar to our previous study, HRV 

decreased during KC compared to the pre-KC period and this decrease was significant for 

the SDNN and SDDec 6. In both studies, the effect lasted throughout the post-KC period. 

In contrast to the previous study however, in this study the change in HRV was even more 

pronounced in the post-KC period than during KC, resulting in a significant decrease for 

all features when comparing the post-KC period to the pre-KC period. Despite a visible 

tendency to respond in the same direction, HRV features did not differ significantly during 

or after BabyBe sessions.

KC is a highly comfortable period for both infant and parent, and thus it is assumed to 

represent a state of optimal regulation 1,2,4,6,11. As previously described, it is remarkable that 

HRV decreases as a result of improved regulation, given that in adults a decrease in HRV 

is associated with greater cardiovascular morbidity and mortality 7. However, physiology 

in preterm infants differs greatly from that in adults and therefore we hypothesized along 

the lines of Porges’ Polyvagal theory, that the immediate decrease in HRV features seen in 

preterm infants during KC is caused by a switch in the neural mechanisms responsible for 

regulating the neurobehavioral state to deal with environmental challenges 12. 

This theory states that the PSNS comprises two evolutionarily and functionally different 

subsystems, one primitive unmyelinated system and one newer, uniquely mammalian, 

myelinated system 13. In addition to the SNS, these two systems are essential for autonomic 

regulation. The primitive PSNS branches respond to challenges with immobilization and 

freezing of regulatory systems, the SNS generates a ‘fight or flight’ response, and the 

uniquely mammalian system, also called the ‘vagal brake’, responds to challenges in a more 

subtle way, by dosing SNS activity and thereby enabling efficient energy usage including 

rapid regulation of cardiac output 12,13. We speculate that the decrease in HRV during KC 

represents an instant transition from dominance of the unmyelinated PSNS and SNS to more 

stable regulation offered by the myelinated vagus in response to parental co-regulation 6. To 

investigate this hypothesis, we used two new HRV features in our previous study, specifically 
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constructed to calculate the contribution of extreme variation, reflective of regulatory 

instability, to the total variation, the pDec and SDDec 6. A significant decrease in SDDec 

during KC, i.e. a significant decrease in magnitude of decelerations reflective of increased 

regulatory stability during KC supported our Polyvagal theory-based hypothesis.   

Compared to our previous study, the decrease in HRV during KC was less pronounced 

in the current study. However, despite being more modest, the decrease again appeared 

attributable to a significant decrease in SDDec during KC, indicating increased regulatory 

stability. It is possible that the less pronounced decrease in HRV during KC in the current 

study is related to the higher age of the participants (on average more than two weeks 

older and over 300 g heavier). More mature infants might have less regulatory instability at 

baseline. 

Actually, even though the SDDec decreases over the course of course of kangarooing, the 

SDNN and pNN50 remain stable. This may reflect a contribution of ‘healthy’ variation (as 

can be seen in adults in a PSNS dominant state) to the overall HRV generated by a more 

mature myelinated PSNS regulation in this population. Evidence of vagal maturation with 

increasing PMA has been reported frequently, especially between 30-40 weeks of age 14–16. 

Moreover, the myelinated vagus is neuroanatomically linked to other cranial nerves that are 

responsible for regulating social engagement and for responding to challenges by engaging 

in calming / soothing behavior through social communication, i.e. nerves that are active as 

a result of parental co-regulation during KC 13. 

In agreement with our previous study, the effects of parental co-regulation last during 

the post-KC period. In fact, in the current study the decrease in HRV is most pronounced at 

that time. This seems a natural consequence of the above: post-KC the HRV reduces further 

because the contribution of healthy variation to the HRV ceases, while the contribution 

due to regulatory instability is still lower than in the pre-KC period due to a lasting effect of 

improved regulation. 

As opposed to the highly comfortable period of KC, BabyBe activity did not exert a 

significant effect on HRV. Based on the visualization of the overall HRV and regulatory 

instability reflected by the SDNN, pDec and SDDec, infants seemed to respond to BabyBe 

activity and KC in a similar direction, but the effect was not sufficient to mimic KC. The 

movements of the mattress might have been too subtle to generate a significant effect, and 

there could have been a dampening of the mattress’ effect by our routine usage of cover 
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sheets and positioning materials. Furthermore, infants might not associate the BabyBe-

stimuli with KC, due to discrepancies between the repetitive breathing motions and sounds 

of the mattress and the actual, dynamic chest motion and heartbeat sounds during KC. 

Moreover, chest motion and heartbeat sounds are only two of the numerous stimuli provided 

during KC; while other cues are lacking in the mattress, KC evidently is a multisensory  

experience 17,18. 

During KC, infants receive vestibular and auditory information such as chest motion 

and heartbeat, but also tactile, vocal, visual and olfactory stimulation like gentle touch, 

body temperature, speech, breathing sounds, contours, body scent and potentially the taste 

or smell of breast milk 19–23. Research has shown positive influences on preterm infants 

for almost all of these stimuli separately 23–27, but those effects are not as substantial and 

significant as when the stimuli are all combined during KC 1,2,4. This might be because 

during KC all stimuli are dynamic and bidirectional, thereby optimizing co-regulation and 

enabling modulation of stimuli including synchronization 28–31. In other words, the wide 

variety of stimuli as a result of skin-to-skin contact during KC, of which several are probably 

still unknown, appear to amplify the positive effect of independent stimuli and this may 

contribute to the difference between BabyBe and KC effects. As described in Chapter 9 

however, breathing mattresses such as the BabyBe are the most suitable devices found by 

our literature search for simulating aspects of KC when parents are not present.

Nonetheless, the stimuli provided by the BabyBe might need optimization with regard 

to for example intensity or variety. It would for instance be interesting to add other features 

such as scent or parental voice. It is in fact possible to provide parental voice to preterm 

infants through the BabyBe mattress, but this feature was not used in this study. The mattress 

can also move and beat at a pre-recorded or live parental rhythm instead of an automated 

rhythm, but those options were not employed to guarantee a standardized, continuous 

signal. 

Other limitations should be taken into account as well. Due to the observational nature 

of this study, feeding routinely took place during both KC and BabyBe periods, whereas nurse 

handling was not performed during KC, but was occasionally performed during BabyBe 

sessions. In addition, the periods of BabyBe activity might have been too short: as BabyBe 

time progresses, pDec appears to increase while SDDec reduces, reflective of increasing 

regulatory stability. Also, the difference between the BabyBe- and KC effect might be related 

to timing. The time between two consecutive KC sessions mostly exceeds two hours. It is 
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unlikely that a KC session has less effect when starting within two hours after a previous 

KC session, but this was not specifically analyzed due to the limited amount of KC sessions 

starting within two hours after a previous session. Therefore, although unlikely, an effect of 

timing cannot be ruled out. Finally, natural breathing rhythms can be adjusted to a simulated 

breathing rhythm which can in turn affect HRV due to cardiorespiratory coupling 32,33. This 

would be interesting to investigate using frequency domain analysis of HRV. Nonetheless, 

the effect of KC on HRV could be related to the infant’s breathing rhythm adjusting to the 

parental breathing as well, but it still reflects improved regulation. Therefore, even though 

the improved regulation as a result of KC was not mimicked significantly by BabyBe activity 

during this study, results offer opportunities for future research aimed at using technological 

applications to enhance parent-infant co-regulation in NICUs. 

CONCLUSION

In this study, we used features based on HRV to visualize, quantify and compare changes in 

autonomic regulation in preterm infants as a result of KC and of an incubator mattress called 

BabyBe (BabyBe GMBH, Stuttgart, Germany). When switched on, the BabyBe simulates 

breathing motions and heartbeat sounds. Similar to in our previous study, KC was associated 

with a significant decrease in HRV lasting throughout the post-KC period. BabyBe sessions 

were not associated with significant changes in HRV. Nonetheless, because HRV showed a 

downward trend during BabyBe activity, results offer opportunities for future attempts to use 

smart technological applications to mimic KC. 
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ABSTRACT

Objective: To investigate whether devices can support the effect of Kangaroo care (KC) by 

providing parental stimuli to preterm infants during transfers and/or in the pre- and post-KC 

periods. 

Method: We alternately replaced the standard incubator blanket with a blanket providing 

parental scent and heartbeat sound (Hugsy©), or the standard incubator mattress with a 

mattress simulating parental breathing motion and heartbeat sound (BabyBe®). The study 

lasted eight days per participant, a repetition of two intervention days and two control 

days. On Hugsy-intervention days, the blanket was fragrant because parents kangarooed 

with Hugsy, and a pre-recorded parental heartbeat played for 60 minutes after each KC 

session. On BabyBe-intervention days, the mattress was switched on for 24 hours. Start and 

end times of KC were annotated by nurses. Differences between intervention and control 

days were based on comfort scores and heart rate variability (HRV). Comfort was routinely 

measured three times a day using the COMFORTneo scale with a lower score reflecting 

more comfort. HRV was measured from one hour before KC until one hour after KC using 

three time domain features reflecting overall variability (SDNN) and regulatory instability 

(pDec and SDDec). 

Results: Interventions were tested in 40 preterm infants (Hugsy, n=20; BabyBe, n=20). 

COMFORTneo scores decreased significantly on intervention days versus control days (10.5 

(SD 1.1) versus 11.0 (SD 1.3), p < 0.001). HRV did not show significant differences during 

intervention versus control days, but in the post-KC period, pre-transfer levels were reached 

faster. 

Conclusion: Devices did not support KC significantly as measured by HRV, but they might 

accelerate recovery from transfers and they improved comfort scores, offering opportunities 

to use devices to support the effect of KC in the future. 
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INTRODUCTION

Kangaroo care (KC) refers to a period in which diaper-clad infants are placed in prone 

position on a naked caregiver’s chest in order to provide direct skin-to-skin contact. It is 

a frequently used intervention in preterm infants since it reduces morbidity and mortality 

and is safe even in infants who are born very prematurely. KC is associated with multiple 

physiological benefits such as improved temperature and sleep regulation 1–4, indicating 

that parental co-regulation during KC is superior to regulation within the incubator  

environment 5. This improved regulation is also reflected by reduced crying and a more calm 

and comfortable appearance of preterm infants during KC 6,7. 

In previous research, we demonstrated that changes in regulation during KC can be 

captured using features of heart rate variability (HRV) 8. HRV reflects the dynamic, rapidly 

occurring changes in autonomic regulation caused by the primary systems controlling 

the heart rate. In addition to humoral factors, these systems are the sympathetic nervous 

system (SNS) and the parasympathetic nervous system (PSNS). These neuronal pathways 

can change heart rate from beat to beat in order to optimally adapt to changes in the  

environment 9,10. For instance, during KC, this beat-to-beat variability reduces in preterm 

infants, owing to a decrease in the extent of transient heart rate decelerations 8. In other 

words, KC improves the regulatory stability of the immature autonomic nervous system of 

preterm infants. The stressful periods of transfer to and from the incubator on the other hand, 

disturb regulatory stability in preterm infants 8. We therefore hypothesized that the benefits of 

KC on physiological stability might be supported by simulating aspects of parental presence 

before and after KC and/or during transfers. 

Theoretically, parental presence can be simulated by devices that mimic parental stimuli 

such as warmth, scent and heartbeat sounds 11–13. We conducted a study with two devices 

having the potential to provide parental stimuli to preterm infants, the Hugsy (Hugsy©, 

Eindhoven, Netherlands) 14 and the BabyBe (BabyBe® GMBH, Stuttgart, Germany) 15. 
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As seen in Figure 1, Hugsy is a positioning blanket that can be used both during KC (Figure 

1A) as well as during transfers and in the incubator (Figure 1B). In addition, it is featured 

with a heartbeat module that produces a sound according to the rhythm of a pre-recorded 

parental heartbeat (Figure 1A). When the Hugsy is used during KC, the fabric absorbs the 

parental scent and warmth, so that when the baby is put back into the incubator, these 

stimuli remain and simulate aspects of a parent’s embrace. 

FIGURE 1A AND 1B. Hugsy

Figure 1A (left) illustrates the use of Hugsy during a KC simulation with a doll 14. The blanket is wrapped around 
parent and infant with the cloth close to both parental armpit regions. As such, the blanket provides warmth 
while absorbing scent. The recording of the heartbeat (which is done once per parent) is also shown, requiring 
the heartbeat module (bottom right) and the attached LED-light (worn at the index finger) detecting the parental 
heart rate. The speaker that plays the parental heartbeat is not shown. It is attached to the second wire that 
exits the heartbeat module from the right side (visible in the bottom right corner). Figure 1B illustrates the use 
of Hugsy as a scented positioning blanket within the incubator 14. The speaker is not visible in this image either, 
but it is placed between the incubator mattress and blanket in close proximity to the infant’s ears, as indicated 
with the asterisk.

As can be seen in Figure 2, the BabyBe is a mattress that can simulate breathing motion and 

mimic the sound of heartbeats by inflating incorporated air bladders in a periodic fashion.  

The aim of this study was to investigate whether the Hugsy and BabyBe can support the 

KC effect, as measured by differences in HRV and comfort scores on days when the devices 

are used versus days when the devices are not used. 
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FIGURE 2. The BabyBe mattress

A mattress with two incorporated lung-shaped air bladders for mimicking breathing motion, and one smaller 
round air bladder in the middle for mimicking heartbeat sounds 15. The air bladders are attached to two tubes 
(one for the two lung-shaped air bladders (blue) and one for the round air bladder (white)) that exit the mattress 
to be connected to the control module which is responsible for inflating and deflating the bladders at the right 
pace.

 

METHOD

We conducted a prospective clinical study in 40 participants. All participants were stable 

preterm infants, born between 26 – 34 weeks gestational age, who were admitted to the 

tertiary level neonatal intensive care unit (NICU) of Máxima Medical Centre from October 

2016 – March 2017. Exclusion criteria were any serious clinical condition considered to be a 

contra-indication for KC (e.g. sepsis, necrotizing enterocolitis), conditions that interfered with 

breathing (mechanical ventilation), and severe brain pathology (intraventricular hemorrhage 

grade III/IV or cystic periventricular leukomalacia). The medical ethical committee of the 

hospital approved the study and informed consent was obtained from the parents of each 

participant. Table 1 characterizes the study participants divided into the Hugsy group (n = 

20) and the BabyBe group (n = 20). 
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TABLE 1. Median and interquartile ranges of patient characteristics at birth and 
during the study of the 20 infants using Hugsy and the other 20 infants using BabyBe

Characteristics

HUGSY BABYBE

Median 25th pct 75th pct Median 25th pct 75th pct
Gestational age (weeks) 28.4 27 29.9 29.5 27.3 30.6

Birth weight (g) 1015 870 1280 1192.5 1055 1290

No. of KC sessions 5.5 3 7 5 4 6
Duration of KC sessions 
control days (min) 100 77 120 90 75 107

Duration of KC sessions 
intervention days (min) 90 74.5 112 86 75 103

PMA during first KC session 30.6 29.6 31.4 31 29.9 32.4
Average PMA for all KC 
sessions 31 29.9 31.6 31 30.1 32.6

This study of within-subject design was performed in a way such that intervention days, 

defined as days when either the Hugsy or the BabyBe was used, were compared to control 

days. In particular, KC sessions on intervention days were compared to KC sessions on 

control days. To enable this, we alternately replaced the standard incubator blanket with the 

Hugsy blanket, or the standard incubator mattress with the BabyBe mattress after including 

a preterm infant in the study. The study period then started the next day and lasted eight days 

per participant: two intervention days, two control days, two intervention days, two control 

days. Odd-numbered participants started with two intervention days and even-numbered 

participants with two control days (Figure 3). 

FIGURE 3. Image of the methodology of this 48-hour within-subject study design

Participants were enrolled into group 1,2,3,4,1,2… etc. in that order, so that each group contained 10 infants at 
the end of the study. H represents Hugsy days; B represents BabyBe days and C control days.
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On Hugsy-days, the pre-recorded parental heartbeat was played for 60 minutes after 

each KC session (based on battery power) and the blanket was fragrant because parents 

kangarooed with Hugsy. On BabyBe-days, the mattress was switched on for 24 hours, which 

means both breathing motion and heartbeat were simulated continuously by the periodical 

inflation of the air bladders incorporated in the mattress. For the breathing rate, the two 

lung-shaped air bladders (see Figure 2) were sinusoidally inflated at a rate of 13 cycles per 

minute, corresponding to the typical breathing of an adult at rest. For the heartbeats, the 

middle air bladder was biphasically inflated and deflated at a frequency of 68 cycles per 

minute to mimic the lub-dubb heartbeat sound (57 dB). Note that the inflation of the middle 

air bladder is audible but not palpable.

Other than the use of either Hugsy or the BabyBe, the caregiving routine, including the 

frequency and duration of KC, was unchanged on intervention days. Therefore, according 

to our hospital procedure, nurses measured and annotated comfort scores routinely three 

times each day using the COMFORTneo scale with a lower score reflecting more comfort 16.

In addition to annotating comfort scores, nurses were asked to annotate all KC sessions 

by recording the start time (placement on parental chest) and end time (placement into the 

incubator) on study forms. Furthermore, they were asked to annotate the exact monitor 

times when the Hugsy heartbeat was playing and when the BabyBe was switched on. 

We used the nurse-annotations, routine 24/7 patient monitoring, and routine data 

logging in a data warehouse (PIIC iX, Data Warehouse Connect, Philips Medical Systems, 

Andover, MA) to observe regulatory changes because of KC. 

Data from one hour before KC until one hour after KC were retrieved from the data 

warehouse. A detailed discussion motivating this choice of methodology is provided in our 

previous publication 8. Retrieved data were visually and statistically analyzed as shown in 

Figure 4. 

Figure 4 shows that the first 30 minutes of the pre-KC period on intervention days were 

statistically compared to control days to examine baseline differences. These 30 minutes 

were chosen because nursing care often occurs immediately prior to KC, making the first 

half hour of the pre-KC period the more representative, stable epoch 8. In addition, Figure 

4 shows that the 16 - 45th minute of the during-KC and post-KC periods were analyzed 

for statistical comparisons as well. These epochs were also determined to be stable in our 

previous research and therefore they were compared on intervention days versus control 

days, in order to assess regulatory stability during KC and after KC 8. 
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Finally, the dotted arrows in Figure 4 illustrate the visual comparison of the regulatory 

instability during the transfer period back to the incubator on intervention days versus 

control days. This comparison was made by indicating the delta in HRV from the pre-transfer 

value to the highest or lowest value (the height or depth of the HRV peak) and the time 

needed to return to the pre-transfer level (the width of the HRV peak) on both intervention 

days and control days. The pre-transfer level was defined as the HRV value at the start of the 

fluent change in HRV as a response to the transfer.

FIGURE 4. Illustration of the methodology employed on all study days
The pre-KC and post-KC sessions are 60 minutes long. The duration of KC can vary (first 30 minutes + ∆T + 
last 30 minutes), and thus the first 30 minutes and the last 30 minutes of KC are always used for visualization. Tx 
and Ty represent the periods of transfer (movement and recovery) from the incubator to parental chest and vice 
versa. A refers to the first minute on the parent’s chest; B, to the first minute back in the incubator. One asterisk 
(*) indicates that the first 30 minutes of the pre-KC period, and the 16th to 45th minute of the during-KC and post-
KC periods are used as stable epochs for statistical comparisons between intervention and control days. Two 
asterisks (**) indicate that the dotted arrows are used for visual comparisons between the delta in HRV due to 
the transfer back to the incubator (vertical arrow) and the time needed for HRV to return to the pre-transfer level 
(horizontal arrow) on intervention days versus control days.
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Similar to our previous study we calculated the normalized mean value and the standard 

error of the mean (SEM) for features of HRV every minute, using data from the previous 

five minutes to obtain a time series graphic for each HRV feature. Normalization entailed 

subtracting the mean value of each feature in the first 30 minutes of the pre-KC period from 

the corresponding time series, as detailed in a prior publication 8. In the current study, we 

employed three time domain features of HRV: the standard deviation of the NN-intervals 

(SDNN), the standard deviation of decelerations (SDDec) and the percentage of transient 

decelerations (pDec) 8. The SDNN reflects overall variability, whereas the SDDec and pDec 

reflect regulatory instability 8. 

Statistical Analyses
Comfort was compared on all intervention days (Hugsy and BabyBe) versus all control days 

by analyzing the COMFORTneo scores using a two sided Wilcoxon rank-sum test (data was 

considered non-paired). The effect size of the difference was calculated using Cohen’s δ. 

HRV was analyzed for the two different interventions separately. The behavior of HRV 

across KC sessions was compared on Hugsy-days versus control days in a group of 20 

preterm infants. Similarly, the behavior of HRV across KC sessions was compared on 

BabyBe-days versus control days in another group of 20 preterm infants. 

For both Hugsy and BabyBe, the median and interquartile ranges (IQR) of baseline HRV 

in the stable pre-KC epoch on intervention days were compared to the median and IQR 

of baseline HRV on control days. Similarly, the median and IQR of HRV features were 

calculated in the 30-min stable epochs during KC and in the post-KC period on intervention 

days and control days. Significance of differences was calculated using two sided Wilcoxon 

rank-sum tests. A p-value ≤ 0.01 was considered significant. 
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RESULTS

Comfort scores were measured 600 times in 40 preterm infants. They ranged from 7 to 15. 

The average was 10.5 (SD 1.1, median 10) on intervention days and 11.0 (SD 1.3, median 

11) on control days (p < 0.001). The effect size of the difference was small (Cohen’s δ of 

0.36). 

The dynamic changes in HRV in response to KC were investigated for the 20 infants in 

the Hugsy group and the other 20 infants in the BabyBe group separately. 

In the Hugsy group, 108 KC sessions were analyzed on Hugsy-days and 106 on control 

days. Overall HRV reflected by the SDNN and regulatory instability reflected by the SDDec 

and pDec are displayed in Figure 5. Note that HRV values were normalized to calculate 

the time series. As stated in the methods, normalization was performed by subtracting the 

mean value in the first 30 minutes of pre-KC from the corresponding time series; the first 30 

minutes are considered a stable period within the incubator. Normalization thus generally 

resulted in HRV values close to zero at t = 0, since there were small differences between the 

HRV values during the first few minutes and the mean HRV value of this entire stable 30-

min epoch. The baseline values of the SDNN and SDDec on control days were exceptions 

to this. On control days, these features were approximately 5 and 10 ms higher at baseline 

compared to the mean value in the first 30 minutes of data. 

After this initial 30-min epoch, the SDNN and SDDec increased notably during nurse 

handling and the transfers from the incubator to the parent’s chest and vice versa on both 

intervention and control days. Consecutively, they decreased notably during KC and after KC 

on both Hugsy-days and control days: there were no significant differences in the pre-KC, 

during KC and post-KC periods as can be seen from Table 2. This includes the differences in 

baseline HRV patterns for the SDNN and SDDec, i.e. the observation that the SDNN and 

SDDec are approximately 5 and 10 ms higher at baseline on control days is not statistically 

significant. 

Other observations were based on the changes in HRV during the transfer periods from 

the parental chest back to the incubator; the delta’s in HRV during the transfers with respect 

to the pre-transfer levels were greater but lasted shorter on Hugsy-days (22, 27, and 7 mins 

for SDNN, SDDec and pDec respectively as based on Figure 5).   
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FIGURE 5. HRV across KC sessions on Hugsy days (left) and control days (right)

Normalized mean ± SEM values of the SDNN (A1+A2), SDDec (B1+B2) and pDec (C1+C2) are shown for 
the pre-KC periods (T1; 0-59 min), the first and last 30 minutes of KC (T2 and T3; 60-119 min) and the post-KC 
periods (T3; 120-180 min). In each image, the long horizontal dotted grey line represents the pre-transfer level, 
defined as the HRV value at the start of the fluent change in HRV as a response to the transfer. The shorter 
horizontal grey line marks the peak in HRV due to the transfer. The vertical grey lines mark the start and end time 
of the transfer period (from the start of the transfer until recovery defined as HRV returning to the pre-transfer 
level). The vertical blue arrow indicates the delta in HRV (pre-transfer to peak) as a response to the transfer, and 
the horizontal blue arrow indicates the length of the transfer period.
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FIGURE 6. HRV across KC sessions on BabyBe days (left) and control days (right)

Normalized mean ± SEM values of the SDNN (A1+A2), SDDec (B1+B2) and pDec (C1+C2) are shown for 
the pre-KC periods (T1; 0-59 min), the first and last 30 minutes of KC (T2 and T3; 60-119 min) and the post-KC 
periods (T3; 120-180 min). In each image, the long horizontal dotted grey line represents the pre-transfer level, 
defined as the HRV value at the start of the fluent change in HRV as a response to the transfer. The shorter 
horizontal grey line marks the peak in HRV due to the transfer. The vertical grey lines mark the start and end time 
of the transfer period (from the start of the transfer until recovery defined as HRV returning to the pre-transfer 
level). The vertical blue arrow indicates the delta in HRV (pre-transfer to peak) as a response to the transfer, and 
the horizontal blue arrow indicates the length of the transfer period.  
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In the BabyBe group, 108 KC sessions were analyzed on BabyBe-days and 105 on control 

days. Overall HRV reflected by the SDNN and regulatory instability reflected by the SDDec 

and pDec are displayed in Figure 6. HRV decreased notably during KC and after KC, and 

increased notably during nurse handling and the transfer from the incubator to the parent’s 

chest and vice versa on both BabyBe-days and control days; as can be seen from Table 3, 

there were no significant differences in the pre-, during- and post-KC period. There were 

visual differences in the changes in HRV during the transfer periods from the parental chest 

back to the incubator: the delta with respect to the pre-transfer level was greater but mostly 

lasted shorter on BabyBe days (4, -5, and 8 mins for SDNN, SDDec and pDec respectively).   

TABLE 2. Median and interquartile ranges of HRV features corresponding to the 30-
min stable pre-KC, during-KC and post-KC periods on Hugsy days versus control days 
and significance based on two-sided Wilcoxon rank-sum tests
HRV- 
feature

Pre-KC 
Hugsy

Pre-KC-
Control

p-value During-KC 
Hugsy

During-KC 
Control

p-value Post-KC 
Hugsy

Post-KC 
Control

p-value

SDNN (ms) 19 (13-32) 19 (13-28) 0.88 16 (11-26) 16 (12-24) 0.82 16 (11-22) 16 (12-22) 0.36

SDDec (ms) 20 (10-41) 20 (10-36) 0.74 19 (9-38) 17 (10-32) 0.97 15 (8-28) 15 (10-28) 0.64

pDec (%) 45(41-49) 45 (41-49) 0.79 44 (41-47) 46 (41-49) 0.19 46 (41-50) 46 (42-49) 0.87

TABLE 3. Median and interquartile ranges of HRV features corresponding to the 30-
min stable post-KC, during-KC and pre-KC periods on BabyBe days versus control 
days and significance based on two-sided Wilcoxon rank-sum tests
HRV-feature Pre-KC 

BabyBe
Pre-KC-
Control

p-value During-KC 
BabyBe

During-KC 
Control

p-value Post-KC 
BabyBe

Post-KC 
Control

p-value

SDNN (ms) 24 (17-31) 22 (17-35) 0.76 18 (13-26) 18 (12-27) 0.81 20 (14-29) 18 (14-24) 0.28

SDDec (ms) 22 (13-37) 23 (14-39) 0.94 18 (10-31) 16 (10-34) 0.87 20 (10-32) 15 (10-27) 0.24

pDec (%) 46 (41-49) 45 (41-49) 0.76 44 (39-48) 45 (42-48) 0.15 46 (41-49) 46 (43-50) 0.43

DISCUSSION

In this study, we investigated whether Hugsy and/or BabyBe devices are capable of 

supporting the KC effect, as measured by comfort scores and features of HRV on intervention 

days versus control days. Similar to our previous studies, HRV decreased notably during KC 

compared to the pre-KC period and increased due to periods of transfer 8. In addition, KC 

had a lasting effect as measured by a persistently decreased HRV in the post-KC period. 
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These three elements were observed on intervention days as well as control days; HRV 

behaved similarly, no significant differences were found. 

However, the return of HRV to its pre-transfer level in the post-KC period appeared 

faster on intervention days compared to control days, despite a greater delta. This difference 

may be a result of the parental stimuli to which babies were exposed in the post-KC period. 

Along the lines of the Polyvagal theory described in our previous research, both the higher 

peak during transfers, as well as the faster return to pre-transfer levels in the post-KC period 

could reflect a better coordinated, more instant switch in neural mechanisms responsible 

for regulating the neurobehavioral state to deal with environmental challenges 17. In other 

words, the tighter shape of the peak could reflect enhanced interplay between myelinated 

branches of the vagus and the sympathetic nervous system on intervention days, with a more 

adequate, more pronounced response to a stressful stimulus (higher peak during the transfer) 

and a faster recovery (accelerated return of HRV to pre-transfer levels in the post-KC period). 

However, this is not what we hypothesized and other explanations for the observed 

difference cannot be ruled out. For instance, they might be due to chance. The significance of 

the variance in peak shapes was not tested, because a study protocol including standardized 

transfers is needed to reliably assess such a highly dynamic period in which the exact start 

and end times of the transfer periods can also be off by a couple of minutes. Subsequent 

research is therefore needed to investigate the effect of exposing preterm babies to parental 

stimuli during transfers. Especially since the higher peaks in HRV that were observed during 

transfers on intervention days might even reflect increased regulatory instability. This is 

unlikely, considering the fact that the use of Hugsy merely entails that babies are transferred 

in the blanket that was already covering them during KC, and the use of BabyBe does 

not involve the transfers at all, but nurses might execute transfers differently nonetheless. 

However, to the best of our knowledge, negative effects of using parental stimuli have never 

been reported, whereas numerous studies have previously reported positive effects of using 

such stimuli in a NICU. 

For instance Doheny et al. reported a lower incidence of cardiorespiratory events during 

exposure to maternal sounds 18 and Rand et al. found that infants had significantly lower 

heart rate during exposure to maternal sounds compared to matched caregiving periods 

without sounds 19. In addition, parental warmth and scent are also known to elicit positive 

responses 20,21. Moreover, studies have shown that preterm infants can benefit from adequate 

positioning 22, which might be enhanced by the Hugsy and BabyBe since both have features 

specifically meant for supporting preterm infants in their body posture. The significantly 
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improved comfort scores on intervention days support this reasoning; a baby’s position is 

one of the specific elements scored in the COMFORTneo.  

Overall, results thus seem to offer opportunities for using devices aimed at supporting 

the effect of KC, but additional research is needed to confirm this interpretation. 

The current study confirms findings on the behavior of HRV during KC. A decrease in 

HRV during KC and an increase during transfers is again demonstrated in two groups of 

20 preterm infants. On average, the group of infants using the BabyBe in this study and 

the group of infants included in the study described in Chapter 10 are most mature. In 

these groups, the decrease in HRV during KC compared to before KC is less pronounced. 

Moreover, in these relatively mature groups HRV further reduced in the post-KC period. In 

the least mature group (the infants participating in our first study (Chapter 5)), the decrease 

in HRV during KC was most pronounced 8. In the intermediately mature group of infants 

using the Hugsy in the current study, HRV behavior was in-between the most mature and 

least mature behavior. HRV features thus seem suitable for capturing subtle differences in 

regulation. 

Comfort scores on the other hand are limited in their ability to capture subtle  

differences 23. We found a significant reduction in comfort scores, suggestive of increased 

comfort, but the difference was small. Since, in a stable population, the range of comfort 

scores is narrow (minimum 7 to maximum 15 in this study), a permanent reduction of 0.5 

points for all babies admitted to the NICU would be relevant, as demonstrated by the small 

but not negligible effect size (Cohen’s δ > 0.2 < 0.5). However, per baby, a reduction of this 

extent is clinically irrelevant. This illustrates the challenge of using comfort scores to assess 

regulation in preterm infants and supports the use of more markers to study co-regulation, 

such as HRV. 

Some additional limitations need to be taken into account as well. For example, 

natural breathing rhythms can be adjusted to simulated breathing rhythms which can in 

turn affect HRV due to cardiorespiratory coupling 24,25. However, this is unlikely to have 

biased the current study given the similarity between HRV behavior on control days and 

intervention days. Furthermore, we did not identify the occasional transfers performed by 

the kangarooing parent instead of by a nurse, which would be interesting since a parental 

transfer could potentially reduce regulatory instability. To confirm or reject our speculation 

that parental stimuli changed regulatory stability during transfers, a study including a large 

number of KC sessions with standardized transfer routines should be mounted. In the 

current study, observed differences might have been attributable to chance; parental stimuli 
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expressed by Hugsy and BabyBe might have been too weak to exert a significant effect, 

they might have been dampened by the environmental sounds and scents of a NICU 26,27, 

or by our routine usage of other positioning materials and cover sheets. It was not possible 

to ensure whether the stimuli were indeed perceived by the babies. The scent of the Hugsy 

blanket was particularly challenging in this regard, since to the best of our knowledge, the 

duration that a fabric remains scented is not known in this setting. On the other hand, if 

babies did perceive the stimuli adequately, infants might also have desensitized to them over 

time because the stimuli provided by the devices are less dynamic than normal parental  

stimuli 28. Finally, Hugsy and BabyBe could not be compared, since they were tested in 

a different population. Ideally, the stimuli provided by both devices would be combined, 

since KC is evidently a multisensory experience and these devices use only two or three 

aspects thereof 29,30. Nonetheless, results offer opportunities for future research investigating 

the use of smart technological applications to enhance parental co-regulation. 

CONCLUSION

In this study we investigated whether Hugsy and/or BabyBe devices are capable of supporting 

the KC effect by providing parental stimuli to preterm infants in the pre- and post-KC periods. 

These stimuli were provided on intervention days only, and those days were compared 

to control days with regard to comfort scores and HRV features. HRV did not change 

significantly, but the period of acclimatizing to the incubator after KC appeared shortened 

based on a faster return of HRV to pre-transfer levels. Moreover, COMFORTneo scores 

reduced significantly, suggestive of increased comfort. Overall, results offer opportunities for 

future research investigating the use of smart technological applications to enhance parental 

co-regulation. 
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GENERAL DISCUSSION

The initial goal of this Ph.D. project was to investigate the feasibility of using smart 

technological applications to enhance parent-infant bonding in a NICU environment. Over 

the course of the project, that goal became part of a bigger goal defined as enhancing bonding 

by providing insight into the physiology of bonding, which included insight into the extensive 

physiological consequences of suboptimal bonding. Since these consequences are indeed 

widespread, numerous strategies to enhance parent-infant bonding have been described 

previously (summarized in Chapter 9). However, our medical-technical environment has 

led to a unique perspective. We were able to measure aspects of bonding in several groups 

of preterm infants, and to use those measurements to evaluate technological devices aimed 

at enhancing parent-infant bonding. 

According to neuropsychologists and psychobiologists, bonding is the process of co-

regulation: when an organism uses his or her capacity to support the regulation of the 

internal environment of another organism 1. In medical terms, regulation is a synonym for 

homeostasis, which means that bonding (co-regulation) is supporting another organism 

in maintaining homeostasis. In order to do this, organisms need to be able to read the 

internal state of other organisms 2. This is enabled by the expression of physical parameters 

such as heart rate, temperature, scent, skin color, voice, facial expressions, etcetera. Those 

parameters are also called cues 3. In a NICU environment, maximal cue-exchanging, or in 

other words maximal co-regulation occurs during skin-to-skin contact, also referred to as 

Kangaroo care (KC) 1,4,5. 

KC reduces mortality and infections, increases weight gain, and improves 

neurodevelopmental outcomes and parental reports of parent-infant bonding 6–10. We started 

having all parents keep track of their KC sessions in a diary to increase their involvement 

and awareness of the importance of KC and of parent-infant bonding. Furthermore, we 

determined KC as the golden standard (golden opportunity) to measure bonding in preterm 

infants. We performed studies assessing changes in important cues or cue modulators 

in preterm infants during KC versus baseline. All three parameters that were measured, 

oxytocin, heart rate variability, and discomfort behaviors, decreased significantly during KC, 

indicating improved regulation. 

In addition to providing opportunities for enhancing co-regulation, these studies 

improved the understanding of preterm infant physiology uncovering unknown differences 

between adult and preterm infant regulatory mechanisms. 
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In subsequent studies, the obtained results were used to examine if the effects of KC could 

be simulated or supported using two devices aimed at enhancing bonding. A breathing 

mattress called BabyBe and a smart incubator blanket called Hugsy were the devices of 

choice. Overall, they did not significantly mimic the effect of KC, but the findings offered 

opportunities for future attempts to use smart technological applications to enhance bonding; 

heart rate variability tended to decrease and discomfort was reduced. Moreover, awareness 

seemed raised. For example, the average duration of KC significantly increased in our NICU 

during the last two years.  

Comparing the mean duration of annotated KC sessions during our first heart rate 

variability study (Aug – Oct 2015) 11 with the mean duration in the recent BabyBe and 

Hugsy studies (Oct 2016 – May 2017) shows an increase of about 20 minutes per session  

(p < 0.001). Average durations approximated 85 and 105 minutes respectively. The studies 

using devices aimed at enhancing bonding and our efforts of promoting KC did not influence 

all parents equally, but the significant increase in average KC duration, i.e. in parental cue-

exchanging, demonstrates enhanced parent-infant bonding in our NICU over the course of 

the project. 

Throughout the project, several technological methods were used for the purpose of 

enhancing KC and parent-infant bonding. A breathing mattress and a smart incubator blanket 

were employed, but advanced laboratory and innovative data-processing techniques were 

used as well in order to measure oxytocin and calculate heart rate variability. Obviously, 

technology is also required to obtain an ECG-signal (necessary to calculate heart rate 

variability). Technology is simply essential when providing intensive care. In addition, 

we demonstrated that technology can be exploited for enhancing parent-infant bonding. 

However, technological devices were not able to mimic the powerful effect of KC; KC 

appeared superior for improving preterm infant regulation. 

This observation is in agreement with literature. For instance, the results of using 

biological or maternal sounds in a NICU have been promising, but modest compared to the 

freely available intervention of KC 12–14. Numerous positive short and long term effects of the 

latter have been reported 6,7,9,15–18. For example, KC lowers the risk of infections, which might 

be due to enhanced regulation of the immune system as a result of parental co-regulation 

leading to recurrent stimulation of the vagus nerve, causing selectively reduced levels of 

tumor necrosis factor and other pro-inflammatory cytokines 19. This stimulation of the vagus 

nerve is supported by our findings on heart rate variability; KC seems to enable an improved 

response to challenges in preterm infants by engaging in social communication as proposed 
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by the Polyvagal Theory 11. It thus seems valuable to implement strategies mimicking the 

effect of KC at times when KC is temporarily not possible, but it seems even more important 

to increase the duration spent in skin-to-skin contact. Especially since the improved 

outcomes associated with KC are of great importance to society. After all, worldwide one in 

every ten babies is born prematurely 20 and, as shown by our review in Chapter 7, enhanced 

co-regulation significantly improves hormonal, epigenetic and neuronal development 1. 

While writing that review, I spent most of my time amongst parents, preterm infants and 

medical staff, to experience the challenges for and benefits of intense parent-infant bonding 

in a NICU for myself. As a result, it does not surprise me that strong economic justification 

for investing in early childhood has been reported 21,22. 

Investing in childhood not only reduces health problems, but also behavioral problems 

and general well-being 4,23. For instance, after evaluating the data of about 49 primitive 

cultures, Prescott et al. discovered that cultures in which babies were carried on their 

mother’s body throughout the first year of life were more peaceful as opposed to other 

more violent cultures in which babies were not carried. Interestingly, they also identified an 

association between longer duration of carrying 24,25. 

While I knew parent-infant bonding was important, I had never realized it to this extent 

before. 

Considerations and limitations
This thesis revolves around a biological concept of bonding defined as co-regulation. 

Nonetheless, as briefly addressed in Chapter 2, other definitions of bonding or attachment 

have been reported 26. However, a biological perspective is appropriate for executing 

physiological studies 27,28. In addition, KC is associated with enhanced bonding regardless 

of the choice of definition and it is undisputedly seen as a period of increased comfort for 

preterm infants 5,6,15,24,29–32. Using KC as golden standard therefore appears justified. Similarly, 

using KC as golden standard justifies not studying long-term effects, since numerous positive 

long-term effects of KC are well known and elaborately reported in literature 4,7,29. 

With regard to the significantly increased KC duration reported over the course of the 

project, it should be taken into account that nurses mentioned to have forgotten annotating 

start and end times regularly during the first study. For this reason, we included only 

completely annotated KC periods for calculating the average KC duration. 

Some other limitations are worth mentioning. As was stated in Chapter 9, it appeared 
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impossible to provide a complete overview of bonding-enhancing interventions. This is 

supported by Philbin et al. who performed a study with the objective to provide a complete 

overview of the effects of environmental stimuli on newborns and stated that “with 

successive years of reading, writing, and annual discussion, the original mission of creating 

a single, integrated, and scientifically reliable review of the literature appeared increasingly 

unobtainable” 33. The challenge of creating a complete overview is also underlined by the 

fact that we recently heard of a potentially bonding-enhancing intervention called the 

Pulsatile-Audible-Tactile Stimulation (PATS) mattress that was developed for preterm infants 

about a decade ago. The PATS mattress is intended to increase weight gain and reduce stress 

levels by mimicking aspects of the intra-uterine environment through providing continuous 

pulsatile motion and sound 34. It was published on in 2011, but this publication was not 

traced by our search terms.

Furthermore, as discussed in Chapter 6, we would have preferred to perform an unbiased 

observational study using the COMFORTneo scale to score differences in behavior during 

KC versus at baseline. However, because using the COMFORTneo requires experience with 

observing preterm infants, and KC is routine practice in our NICU, colleagues eligible for 

scoring behavior during KC with the COMFORTneo were biased toward behaviors during 

KC. We could not neglect this factor, so we decided to employ alternative observational 

methods. In addition, we could not use the COMFORTneo during the study described in 

Chapter 10, since in that study periods of BabyBe activity were compared to periods of KC 

and, while comfort is scored routinely three times a day in our NICU, it is not scored during 

periods of KC, as that is not representative. The COMFORTneo scale was used in Chapter 

11, because in that study periods of 24 hours were compared.  

As part of the research on oxytocin, we were interested in its concentration in both 

plasma and saliva. The large data collection of the HAPPY study comprised antenatal blood 

samples, but an experimental analysis showed that the preservation of the samples was 

not suitable for measuring oxytocin. Collecting blood samples from preterm infants was 

considered too invasive and therefore plasma oxytocin was not assessed.  

With regard to our heart rate variability research, we wanted to measure heart rate 

variability in parents and infants simultaneously during KC, but the monitoring equipment 

did not allow this. Moreover, the difference in preterm infant population included in the 

heart rate variability and oxytocin studies prevented us from investigating both parameters 

in the same infants without disrupting the observational nature of the studies. In addition, 
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oxytocin could not be used for evaluating devices aimed at enhancing bonding, because the 

ten saliva samples needed per measurement would result in unreachably large sample sizes.  

Finally, although clinicians have noticed our project 35,36, bonding is still not prioritized 

in clinical protocols as much as I would like. I therefore like to present some future 

perspectives. 

FUTURE PERSPECTIVES

The aim of this thesis is to provide insight into the physiology of bonding and thereby offer 

opportunities to enhance parent-infant bonding. In particular, I hope to motivate both 

NICU staff as well as designers and engineers to think about the NICU of the future. As 

shown by this thesis, it is not trivial to strive for a NICU environment that matches the 

everyday-life environment for preterm infants after discharge. Individuals adapt to early 

life environments and these adaptations may be maladaptive to another environment. As a 

result, they predispose the individual to greater allostatic load 37. A NICU experience should 

thus resemble a normal early life experience as much as possible. 

Nonetheless, instead of changing into a more bonding-promoting product, the 

technological advancement of the incubator has slowed over time. As Ferris et al. state, “In 

fact, the fundamental design of the incubator has remained largely unchanged for at least 

30 years.” 38 This implies that it is not prioritized to redesign incubators to enable a more 

natural experience between parents and their infant. Ironically, incubators are also known 

as isolettes 39. Ferris et al. conducted a design project to brainstorm for systems-oriented, 

human-centered neonatal incubator technologies and as a result they offered a set of design 

recommendations for future incubation technologies 38. 

In my ideal world, incubators will become obsolete, because technological and societal 

hurdles that currently prevent 24/7 kangarooing no longer exist. I would for instance 

vouch for societies to facilitate longer parental leave for both mother and father. However, 

more research is needed to demonstrate long-term cost-effectiveness of 24/7 KC in high-

income countries in order to be able to change legislation and clinical protocols with a 

top-down strategy. Scandinavian countries are advanced in this regard, recommending and 

practicing continuous Kangaroo mother care whenever possible 16,40. Nevertheless, as long 

as ’whenever possible’ remains a minority of the time in most countries, and as long as 
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obsolete incubators remain a utopian perspective, I agree with Ferris et al. that incubator 

design can be further improved. 

In addition, I have philosophized about babies sharing incubators when their parents 

are absent. Co-bedding with siblings is not uncommon and several positive effects have 

been reported 41. Why not investigate the possibility of non-siblings sharing incubators? 

Nonetheless, first there has to be consensus about the risks and benefits of co-bedding with 

siblings.

Perhaps the co-regulation by siblings that occurs during co-bedding can be examined 

along lines of research similar to those used in our project. Furthermore, new parameters 

for measuring co-regulation could be employed. For instance, differences in glucose-

uptake in brain regions measured by neuro-imaging and differences in genetic material 

were not analyzed in our project. Maitre et al. recently used brain imaging techniques 

and EEG to investigate the response to touch in preterm infants versus term infants, and 

compared preterm infants who had experienced KC regularly versus preterm infants who 

did not receive KC regularly 42. They concluded that supportive experiences such as KC 

are associated with stronger brain responses, whereas painful experiences are associated 

with reduced brain responses to the same gentle touch-stimulus, thereby shedding light on 

“the mechanisms through which common early experiences may shape the somatosensory 

scaffolding of later perceptual, cognitive and social development” 42. 

With regard to brain development it has also been established that “Lesions in bodily 

tissues including the brain heal more quickly in animals that are living socially compared 

to those in isolation” 43. In animal studies, this healing effect has often been attributed to 

oxytocin 44,45. Such a positive effect of oxytocin or sociality on wound healing can be further 

exploited in hospitals. In addition, the immunogen qualities of oxytocin could be used to 

study autoimmune diseases or hematologic conditions. It seems that the possibilities are 

numerous. However, I will not provide an extensive list of suggestions for future directions 

– an open mind is eminent for researchers and especially for designers, as I was told during 

several brainstorm sessions – but I do have some additional proposals to evoke thought 

processes.  

The implementation of sensory stimulating interventions (Classical music? Natural 

lighting? Pleasant scents?) can assist in co-regulating patients in all hospital departments. For 

instance in the obstetric department, co-regulation might be enhanced by increased vocal 

stimulation or touching of the abdomen in pregnant women who are at risk for psychological 
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problems. In my opinion, prenatal mother-infant co-regulation is nature’s most remarkable 

miracle: the sensory environment of the uterus continuously regulates the amount, type, 

and timing of stimulation available to the fetus and the redirecting of fetal stimuli toward 

the mother 33,46–48. Prenatal co-regulation consequently does not need intervening normally. 

However, modern day life can impose stress on pregnant women, suppress intuitive maternal 

feelings, or simply reduce time to enjoy the pregnancy and thereby disturb co-regulation 

even in low-risk pregnancies 49. Ideas to enhance prenatal co-regulation or bonding are 

therefore not new and potentially effective 50,51. Nonetheless, up until now they are not 

incorporated into clinical protocols routinely. 

Neither are gadgets such as the Breathing Bear 52, the stuffed animal that can keep 

infants company while simulating breathing sounds as mentioned in Chapter 7, and routine 

usage of biological sounds or parental voice in NICUs, even though several studies have 

reported beneficial effects hereof 12–14,53–55. This might be due to a scarcity of evidence on 

long-term effects or long-term follow up of most early life interventions especially with 

regard to cost-effectiveness; an issue that might be interesting for future research. The 

beneficial effects of these interventions might namely last a lifetime; they affect aspects of 

co-regulation endogenously, which seems more efficient than exogenous methods based on 

the complexity of the physiology of co-regulation. An example of an exogenous attempt to 

enhance co-regulation is intranasal administration of oxytocin 56. Despite reports of a variety 

of positive behavioral effects, no consensus exists, since the effect of oxytocin is context 

dependent including antisocial behaviors and adverse effects in certain circumstances 57–59. 

To the best of our knowledge, such adverse effects have never been described for 

interventions that enhance co-regulation endogenously. Variants of such interventions could 

be used throughout all life phases. As stated in Chapter 8 and illustrated by Sameroff and 

Fiese, humans develop from totally dependent to more explorative and self-regulative 60. 

Nonetheless, they never become completely self-regulative; they remain social animals 

until the end of their life 61,62. In fact, the elderly population in particular could benefit 

from interventions enhancing bonding, as has been reported frequently 63–65. A remarkably 

strong relation between loneliness and bad health in elder people has been described 66–69. 

Perhaps in lonely elderly homeostasis could literally benefit from wearing ‘pink glasses’, 

since a well-known Dutch expression associates unusual optimism with pink glasses: “to 

see everything through pink glasses”. 
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Obviously, the latter is a provocative example to conclude this section on future perspectives 

in which I aim to imply that society, and specifically clinicians should think outside the box 

to improve neurodevelopmental outcomes and health by finding ways to enhance bonding. 

Similarly, McEwen concluded his section on future perspectives by saying that “A future 

research goal should be to provide a neurobiological framework for understanding positive 

health (…) and how this is biologically embedded in a nurturing environment (…).” 37 I hope 

to have contributed to that goal. 

CONCLUSION

The goal of this project was to enhance parent-infant bonding in our NICU, because 

suboptimal bonding impairs development. Bonding is the process of co-regulation: when 

organisms assist each other in regulating their internal environment. In a NICU environment, 

parent-infant co-regulation is maximal during skin-to-skin contact. By demonstrating changes 

in physiological parameters, i.e. in the internal environment of preterm infants during skin-

to-skin care versus during time in the incubator (the control, or baseline situation), we were 

able to measure and subsequently enhance bonding. 
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PART IV
Summaries



PREMATURITY AND THE PHYSIOLOGY OF BONDING

A scientific perspective on love
Worldwide, one in every ten babies is born prematurely. Later in life, the majority suffers 

from minor morbidities, such as academic underachievement, behavioral problems, and 

deficits in higher-order neurocognitive functions. As stated in Chapter 1, these outcomes 

can be improved by enhancing parent-infant bonding. The goal of this project was therefore 

to enhance parent-infant bonding in our NICU by providing insight into the physiology of 

bonding. 

As described in Chapter 2, bonding is the process of co-regulation: when an organism assists 

another organism in the regulation of the internal environment. In other words, assistance 

in maintaining homeostasis. In order to support each other, organisms need to be able to 

read the other’s internal state, which is enabled by the expression of physical parameters, 

or cues. In a NICU, maximal cue-exchanging, i.e. maximal co-regulation occurs during 

periods of skin-to-skin contact, also referred to as Kangaroo care. Several important cues or 

cue-modulators have been reported. Three of them are oxytocin, heart rate variability, and 

behaviors. Therefore, we executed studies to measure these three elements during Kangaroo 

care and compare the results to baseline. 

We first performed a study to investigate the feasibility of measuring oxytocin unobtrusively 

in preterm infants. This study is presented in Chapter 3. The saliva of preterm infants was 

collected prior to and during 30 Kangaroo care sessions using cotton swabs. The saliva was 

then pooled to acquire vials with sufficient volumes to measure oxytocin using a radio-

immuno assay. The obtrusiveness of the collections was measured with a Likert scale. The 

obtained saliva was sufficient to fill six vials; three containing saliva collected at baseline and 

three containing saliva collected during Kangaroo care. Oxytocin was detectable in all six 

vials. Based on the Likert-scores, we concluded that oxytocin was measured unobtrusively 

in the pooled saliva of preterm infants both before and during Kangaroo care and it could 

thus be investigated as a biomarker in subsequent studies.

We therefore performed a second study, measuring oxytocin in preterm infant twins during 

Kangaroo care and comparing results to baseline. In addition, we measured the infants’ state 
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of comfort prior to and during the saliva collections, as well as the intensity of the parent-

infant interaction before and during Kangaroo care using previously developed Likert-scales. 

Results are presented in Chapter 4. During Kangaroo care, oxytocin was significantly lower 

compared to baseline (mean 1.39 pg/ml (SD 0.58 pg/ml) versus 2.40 pg/ml (SD 1.64 pg/

ml), p = 0.03). Furthermore, discomfort at baseline and parent-infant interaction intensity 

together significantly influenced OT responses (p = 0.006). For that reason, we attributed 

the remarkable response of the oxytocin system to a stressful baseline environment in 

combination with differences between preterm infant and adult physiology. 

This was supported by our findings on heart rate variability presented in Chapter 5. Instead of 

increasing, which is the heart rate variability response to improved regulation seen in adults, 

heart rate variability immediately decreased due to parental co-regulation during Kangaroo 

care. Eight features of heart rate variability were used to visually and statistically compare 

pre-Kangaroo care, during-Kangaroo care and post-Kangaroo care periods. Two of these 

features were newly developed for preterm infants specifically, in order to capture heart 

rate variability caused by instability of the cardiorespiratory system due to immaturity of 

regulatory mechanisms. These features showed that the decrease in heart rate variability was 

caused by a decrease in regulatory instability during Kangaroo care. Heart rate variability 

appeared a useful parameter to assess (co-) regulation in preterm infants.  

In Chapter 6, regulation in preterm infants was studied using behavioral observations. A 

qualitative study in which nurses in training observed mother-infant Kangaroo care sessions 

showed that infants appeared calm and asleep for most of the time. None of the infants 

cried. During interviews, mothers confirmed that their infants were more comfortable while 

kangarooing compared to when in the incubator. In addition, kangarooing increased the 

maternal experience of bonding. In the final part of our project, we therefore strived to 

simulate or support the effect of Kangaroo care. However, first we discussed the consequences 

of suboptimal perinatal bonding, because these are less frequently addressed in literature 

than the consequences of other threatening unnatural stimuli. 

We reviewed the literature to describe the physiological impact of suboptimal postnatal 

bonding, as can be seen in Chapter 7. That chapter integrates information from animal 

and clinical studies on the adverse hormonal, epigenetic and neuronal consequences 
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of suboptimal bonding, and emphasizes that many clinicians do not attribute sufficient 

importance to these consequences despite the fact that they can be reversed by interventions 

aimed at enhancing bonding. 

In addition, we examined the effect of suboptimal antenatal bonding on infant crying 

behavior and demonstrated that mothers with lower antenatal bonding scores were more 

likely to report their infant to cry excessively at the age of six weeks. These results are 

presented in Chapter 8. In total, 894 women were included of whom 47 reported their 

infant to cry excessively (5.3%). Antenatal bonding scores were significantly related to the 

reporting of crying behavior, even after adjustment for relevant variables (p = 0.02). Several 

limitations need to be taken into account when interpreting these results based on maternal 

reports of bonding and crying behaviors. However, the findings support enhancement of 

both pre- and postnatal bonding to improve perinatal outcomes. 

We therefore assigned students from the Eindhoven University of Technology to develop 

devices aimed at enhancing bonding and performed a literature survey to generate an 

overview of already existing strategies and technologies to enhance bonding, which is 

presented in Chapter 9. Consecutively, we chose two suitable devices, a breathing mattress 

called the BabyBe and a smart incubator blanket called Hugsy, to assess whether they 

could simulate or support the effect of Kangaroo care in clinical studies. Those studies are 

discussed in Chapter 10 and Chapter 11. 

An observational within-subject study design was performed to compare BabyBe- and KC 

periods in 20 preterm infants. Similar to in our previous study, heart rate variability decreased 

during KC and after KC due to improved regulatory stability. In addition, the simulated chest 

motions and heartbeat sounds during BabyBe activity also tended to reduce both heart rate 

variability and regulatory instability, but these effects were not significant. 

A successive observational within-subject study design was performed to analyze two other 

methods of simulating or supporting the effect of Kangaroo care in preterm infants. In one 

group of 20 preterm infants, Hugsy was used to expose infants to parental scent and heartbeat 

sounds prior to and after Kangaroo care, and during transfers. Another group of 20 preterm 

infants was exposed to breathing motions and heartbeat sounds prior to and after Kangaroo 
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care sessions using the BabyBe. Days on which either one of the interventions was used 

to provide parental stimuli to preterm infants were compared to control days with regard 

to heart rate variability and comfort scores. COMFORTneo scores decreased significantly 

on days with parental stimuli, reflecting increased comfort. Furthermore, even though 

speculative, infants appeared to recover faster from the transfer back to the incubator as 

measured with heart rate variability. Overall, albeit short of statistically significant evidence, 

chapter 10 and 11 suggest that technological applications could be valuable for enhancing 

bonding in the future. 

This conclusion and other findings were contemplated in the general discussion that is 

presented in Chapter 12. In summary, bonding is the process of co-regulation and aspects 

thereof can be measured in preterm infants during Kangaroo care, since the latter changes 

regulation significantly. This provides opportunities for enhancing bonding in NICUs. While 

technology might be valuable for this purpose in the future, increasing the duration of 

Kangaroo care itself appears most efficient. In our NICU, the average duration of Kangaroo 

care increased significantly over the course of this research project (p < 0.001). 
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PREMATURITEIT EN FYSIOLOGIE VAN HECHTING

Liefde in een wetenschappelijk licht
Wereldwijd wordt iets meer dan één op de tien kinderen te vroeg geboren. De meerderheid 

daarvan kampt in het latere leven met enige vorm van gedrags- of gezondheidsproblemen. 

Veelgenoemde voorbeelden zijn een slechter zicht of gehoor, een gestoorde fijne motoriek, 

aandachtsproblemen en minder presteren. Zoals beschreven in Hoofdstuk 1 kunnen deze 

problemen aangepakt worden door het bewerkstelligen van betere ouder-kind hechting, in 

het bijzonder in de vroege levensfase van kinderen. Het doel van dit project was dan ook 

om de ouder-kind hechting op een neonatale intensive care unit (NICU) te verbeteren, door 

in kaart te brengen wat hechting nou eigenlijk precies is.

In Hoofdstuk 2 ga ik in op die vraag: “Wat is hechting nou precies?”. Ik beschrijf daar dat 

hechting het proces van co-regulatie is, met andere woorden, als een individu hetzij bewust, 

hetzij onbewust invloed heeft op de regulatie van een ander individu. Regulatie is een 

synoniem voor homeostase: het in balans houden van je interne milieu. Een simpel voorbeeld 

heeft betrekking op de lichaamstemperatuur. Als de temperatuur buiten daalt, past je lichaam 

zich daarop aan door vaten te vernauwen en te gaan rillen, zodat je lichaamstemperatuur 

niet daalt. Het interne milieu wordt in balans gehouden, ofwel gereguleerd. Een simpel 

voorbeeld van co-regulatie is als een ander organisme jou assisteert met het behouden 

van de juiste lichaamstemperatuur. Om te kunnen co-reguleren, zijn organismen in staat 

signalen (temperatuur, hartritme, gezichtsuitdrukking, verbale communicatie etc.) van 

andere organismen op te vangen en om signalen terug te sturen. 

Op een NICU vindt maximale signaaloverdracht plaats gedurende huid op huid contact. 

Huid op huid contact wordt gemaakt tijdens een periode die we Kangaroo care, of buidelen 

noemen. Deze naam is gekozen omdat we tijdens het buidelen kinderen op de naakte borst 

van een van hun ouders leggen, waarna ze worden toegedekt met de armen van ouders en/

of een dekentje, zodat als het ware de buidel van een kangoeroe wordt nagebootst. Een 

buidel waarin een kleine veilig en geborgen de tijd krijgt om te groeien, totdat hij of zij sterk 

genoeg is om de wereld aan te kunnen. En waarin zoals gezegd maximale signaaloverdracht 

plaats kan vinden. 
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Drie belangrijke signalen en signaalmodulatoren die in de literatuur beschreven zijn, zijn 

het hormoon oxytocine, een afgeleide van de activiteit van het autonome zenuwstelsel 

genaamd hartritme variabiliteit en verschillende gedragingen. Wij hebben in dit project 

studies uitgevoerd om die drie elementen te meten in te vroeg geboren kinderen  tijdens het 

buidelen en die metingen te vergelijken met metingen gedurende de baseline situatie in de 

couveuse. Het doel van het op die manier in kaart brengen van de ouder-kind hechting op 

onze NICU, was om met die kennis vervolgens de beste manier te kunnen bepalen om de 

ouder-kind hechting ook daadwerkelijk te verbeteren. 

Eerst hebben we een studie uitgevoerd om de haalbaarheid en kindvriendelijkheid van 

oxytocinemetingen in premature kinderen te testen. Deze studie wordt beschreven in 

Hoofdstuk 3. Het speeksel van te vroeg geboren kinderen werd verzameld door ze op watjes 

te laten sabbelen, zowel in de couveuse als tijdens 30 buidelsessies. De kindvriendelijkheid 

werd gemeten met behulp van een 5-punts scoreschaal. Het speeksel van 10 verschillende 

afnames moest vervolgens bij elkaar gegoten worden om buisjes te verkrijgen met voldoende 

inhoud om oxytocine te kunnen meten. Daarbij werd het speeksel van de baseline afnames 

en de afnames tijdens het buidelen strikt gescheiden gehouden. Het verzamelde speeksel 

was voldoende om zes buisjes te vullen, drie baselinebuisjes en drie buidelbuisjes. De 

oxytocineconcentratie kon worden bepaald in alle zes de buisjes. Bovendien bleek de 

afnamemethode kindvriendelijk. Daarom concludeerden we dat oxytocine onderzocht kon 

worden als een marker voor hechting in een vervolgstudie. 

Die vervolgstudie wordt beschreven in Hoofdstuk 4. In die studie hebben we de 

oxytocineconcentratie tijdens het buidelen vergeleken met de baseline oxytocineconcentratie 

in het speeksel van 11 tweelingen. In plaats van het samengieten van speeksel van 10 niet 

bloedverwante kinderen om voldoende inhoud per buisje te krijgen, goten we nu dus per 

buisje speeksel van twee bloedverwante kinderen samen. Van allebei de kinderen werd 

gedurende vijf dagen zowel buidelspeeksel als baselinespeeksel verzameld. Tevens werden 

observatiescores verzameld van de interactie tussen ouder en kind en van het comfort van 

kinderen voorafgaand aan en tijdens de afnames. We kwamen tot de bijzondere bevinding 

dat de oxytocineconcentratie tijdens het buidelen significant lager lag dan bij de baseline 

meting. Van gemiddeld 2.4 picogram per milliliter daalde de concentratie naar gemiddeld 

1.4 picogram per milliliter. De scores voor het comfort van kinderen bij de baseline meting en 
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de ouder-kind interactie hadden samen een significante invloed op de reactie van oxytocine, 

dat wil zeggen of oxytocine steeg of daalde tijdens het buidelen. Wij concludeerden daarom 

dat de verrassende gemiddelde reactie van oxytocine (een daling) te wijten was aan de 

stressvolle baseline omgeving waarmee te vroeg geboren kinderen te maken hebben en 

waaraan zij het hoofd moeten bieden met nog onrijpe regelsystemen. 

Deze conclusie werd ondersteund door onze volgende studie waarin we hartritme variabiliteit 

maten als signaal voor hechting. Zoals gezegd is hartritme variabiliteit een afgeleide van de 

activiteit van het autonome zenuwstelsel. Het autonome, ofwel onwillekeurige zenuwstelsel, 

waar je dus zelf weinig over te zeggen hebt, kan als de situatie daarom vraagt processen in 

het lichaam versnellen of vertragen, zoals de stofwisseling, de ademhaling en het hartritme. 

Vervolgens zorgt ditzelfde zenuwstelsel er ook weer voor dat de balans hersteld wordt. 

Bijvoorbeeld: om gedurende inspanning voldoende voedingsstoffen aan te kunnen leveren 

aan onze spieren, zal het hart meer bloed moeten rondpompen en dus sneller moeten gaan 

kloppen. Om te zorgen dat daarna alles weer naar het oude terugkeert, zal het hart weer 

rustiger moeten gaan kloppen. Dit wordt geregeld door het autonome zenuwstelsel. Met 

zijn versnellende (sympathische) en vertragende (parasympathische) invloeden speelt dit 

zenuwstelsel dus een sleutelrol in de regulatie en die rol kan geanalyseerd worden door 

onder andere die versnellingen en vertragingen van het hartritme te meten. Dat hebben 

wij dan ook gedaan. Hiervoor hebben wij niet naar verschillen in hartritme per minuut 

gekeken, maar naar verschillen in hartritme van slag tot slag (intervalverschillen), ook wel 

de hartritme variabiliteit genoemd; een handige afgeleide van de activiteit van het autonome 

zenuwstelsel. 

Een gezond, volwassen hart laat in rust een grote variabiliteit zien met veel minimale 

versnellinkjes én vertraginkjes. Het hartritme past zich namelijk van slag tot slag optimaal 

aan aan minimale externe veranderingen (bijvoorbeeld veranderingen van lichaamshouding 

en van ademhalingsritme). Dit is geheel anders tijdens inspanning of stress. Dan daalt de 

variabiliteit om de circulatie zo effectief mogelijk te maken. Er wordt een strak, versneld 

ritme bewerkstelligd. 

In ons onderzoek naar hartritme variabiliteit in te vroeg geboren kinderen, beschreven in 

Hoofdstuk 5, bleek echter dat bij premature kinderen de variabiliteit niet toenam in rust, 

maar juist per direct significant afnam. Vanaf het moment dat ze op de borst van pappa of 
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mamma werden gelegd, daalde de variabiliteit zichtbaar. Dit werd gedemonstreerd met acht 

verschillende berekeningen om de hartritme variabiliteit te meten, waarvan er twee speciaal 

waren geconstrueerd voor te vroeg geboren kinderen. Deze parameters toonden de bijdrage 

van extreme, ongewenste variatie ten gevolge van een onrijp autonoom regelsysteem aan 

de totale variabiliteit. Er was een significante afname van de ongewenste, extreme variatie te 

zien direct vanaf de start van het buidelen, het moment waarop ouderlijke co-regulatie zorgt 

voor assistentie voor het onrijpe regelsysteem van het kind. Hartritme variabiliteit bleek dus 

een waardevolle parameter om hechting mee te analyseren. 

In Hoofdstuk 6 wordt een andere waardevolle parameter beschreven, gedrag. In een 

kwalitatieve studie observeerden verpleegkundigen in opleiding moeders en hun kinderen 

tijdens het buidelen. Ze beschreven dat kinderen kalm waren tijdens buidelen en veelal in 

diepe slaap. In interviews bevestigden moeders deze bevindingen. Ze gaven aan dat hun 

kinderen tijdens het buidelen rustiger waren dan in de couveuse. Bovendien gaven zij aan 

dat buidelen hun moedergevoel en het gevoel van hechting versterkte. Om die reden wilden 

wij in de laatste fase van ons project proberen om het positieve effect van buidelen na te 

bootsen. Eerst vonden we het echter belangrijk om de negatieve effecten van suboptimale 

ouder-kind hechting nog eens duidelijk in kaart te brengen, omdat deze in de medische 

literatuur onterecht minder aan bod komen dan andere bedreigende situaties. 

In de vorm van een literatuur review hebben we in Hoofdstuk 7 systematisch de fysiologische 

gevolgen van suboptimale hechting op de hormonale, epigenetische en neurale ontwikkeling 

van te vroeg geboren kinderen beschreven. We hebben daarvoor kennis uit dierstudies en 

klinische studies geïntegreerd om tot de conclusie te komen dat de impact enorm is. Uit 

dierstudies blijkt bijvoorbeeld dat het hersenvolume van rattenpups significant afneemt 

als zij minder dan normaal gelikt en geknuffeld worden door hun moeder. Uit klinische 

studies blijkt dat de elektro-encefalogram registratie van te vroeg geboren kinderen die veel 

gebuideld zijn meer lijkt op die van voldragen kinderen, dan die van te vroeg geboren 

kinderen die weinig tot niet gebuideld zijn daarop lijkt. 

In Hoofdstuk 8 wordt onze studie gepresenteerd waarin we laten zien dat ook de mate van 

antenatale moeder-kind hechting, hechting vóór de geboorte, al invloed heeft op de groei en 

bloei van een kind. In die studie vragen we moeders de door hun ervaren antenatale hechting 
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te scoren, evenals het door hun ervaren huilgedrag van hun kind. We tonen vervolgens 

een significante relatie aan tussen beide uitkomstmaten. Elk punt meer op de antenatale 

hechtingsscore reduceerde het risico op het rapporteren van overmatig huilgedrag met 14%. 

Er moet met verschillende limitaties van deze studie rekening gehouden worden voor het 

interpreteren van de resultaten, maar de bevindingen ondersteunen hoe dan ook het streven 

om perinatale ouder-kind hechting te optimaliseren.

Om die reden hebben we in Hoofdstuk 9 de verschillende strategieën en technologieën die 

tot dusver in de wereld gehanteerd zijn om ouder-kind hechting te verbeteren uiteengezet. 

Bovendien hebben we verschillende groepen studenten van de Technische Universiteit 

Eindhoven opdracht gegeven om applicaties of interventies te ontwikkelen met als doel 

de ouder-kind hechting te verbeteren. Vervolgens hebben we twee geschikte interventies 

gekozen om onderzoek mee te doen, een couveusematras dat de ademhalingsbewegingen 

van de borstkas en de geluiden van het hartritme na kan doen genaamd BabyBe en een 

couveusedeken genaamd Hugsy, die kinderen in de couveuse bloot kan stellen aan de 

warmte, geur en hartslag van hun ouders. De studies waarin we onderzocht hebben of de 

BabyBe en Hugsy het positieve effect van buidelen op de regulatie van te vroeg geboren 

kinderen gedeeltelijk kunnen nabootsen worden beschreven in Hoofdstuk 10 en 11. 

In een observationele studie hebben we bij 20 te vroeg geboren kinderen het standaard 

couveusematras vervangen door de BabyBe. Vervolgens hebben we de BabyBe twee uur na 

elke buidelsessie gedurende een periode van anderhalf uur aangezet. Net als in onze vorige 

studie daalde de hartritme variabiliteit direct tijdens het buidelen. Ook tijdens BabyBe-

activiteit liet de variabiliteit een dalende trend zien, maar dit was niet significant. 

In een andere studie vergeleken we dagen waarop óf de BabyBe óf de Hugsy gebruikt 

werd met controledagen. In de groep kinderen waarbij de BabyBe gebruikt werd, stond 

op BabyBe-dagen het matras 24 uur aan. Op controledagen stond het matras de hele 

tijd uit. In de groep kinderen waarbij de Hugsy gebruikt werd, lag op Hugsy-dagen niet 

alleen een Hugsy in de couveuse, maar er werd ook gebuideld met Hugsy, waardoor de 

deken de geur en warmte van ouders absorbeerde. Tevens werd het hartritme van moeder 

eenmalig opgenomen en afgespeeld na afloop van elke buidelsessie. Zowel het comfort als 

de hartritme variabiliteit werd gemeten op interventiedagen (zowel BabyBe als Hugsy) en 
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vergeleken met controledagen. Comfort werd gemeten met de standaard op onze NICU 

gebruikte comfortscore COMFORTneo. Een hogere COMFORTneo score suggereert minder 

comfort. Op interventiedagen waren de COMFORTneo scores significant lager. Er waren 

geen significante verschillen in hartritme variabiliteit, maar het was wel te zien dat de 

variabiliteit na de stressvolle transfer van de borst terug naar de couveuse eerder weer terug 

op het niveau van vóór de transfer was op interventiedagen dan op controledagen. Kortom, 

ondanks het ontbreken van statistisch significant bewijs lijkt het erop dat technologische 

applicaties van waarde zouden kunnen zijn bij het verbeteren van ouder-kind hechting op 

een NICU.

Die conclusie en andere bevindingen worden tegen het licht gehouden in Hoofdstuk 12, 

de generale discussie. Samenvattend stelt dat hoofdstuk dat hechting het proces is van co-

regulatie en dat aspecten daarvan kunnen worden gemeten tijdens buidelen, omdat dit de 

regulatie beïnvloedt. Dat inzicht biedt vervolgens mogelijkheden om hechting te verbeteren 

op NICU’s; slimme technologieën zouden bijvoorbeeld meetbaar een bijdrage kunnen 

leveren. Overduidelijk is echter dat het verlengen van de tijd dat er daadwerkelijk gebuideld 

wordt de meest effectieve manier is om ouder-kind hechting te verbeteren. 

Op onze NICU is de gemiddelde buideltijd per dag gedurende dit project nagenoeg 

verdubbeld. 
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THE PHYSIOLOGY OF BONDING

A closer look

The author’s perspective
As mentioned in Chapter 2, humans can form very diverse and very complex bonds. In other 

words, the quantity and quality of co-regulation can vary substantially. The mechanisms 

through which these co-regulative processes are established are potentially even more 

complex. Many articles and reviews have been written about psychological, physiological 

or environmental factors influencing co-regulation. Most of those reviews focus on one 

or two factors: on one or two key instruments of an orchestra if you will. However, if, 

hypothetically, we would be able to describe all the instruments of the orchestra and 

the way they are related, new (design) opportunities for (technological) interventions to 

enhance bonding might be discovered. Regarding the consequences of suboptimal bonding, 

interventions enhancing bonding seem very important to society. Throughout my project, I 

have therefore attempted to analyze the physiology of bonding as thoroughly as possible 

and to capture that analysis in an image

In this appendix, I present both the analysis of the concept of bonding as well as the 

image reflecting that analysis. The aim of the latter is to visualize the physiology of bonding 

in a simplified but plausible overarching framework, in the form of a regulation scheme 

meant to function as a brainstorm tool, which can save designers, engineers and researchers 

time when thinking about interventions to enhance bonding. 

As described in the thesis, bonding is defined as an organism’s capacity to (co-) regulate 

not only his own internal environment, but also the internal environment of other organisms. 

Regulation is “the act of balancing the energy budget of the body in action”, in order to 

survive. In other words, to maintain homeostasis. Co-regulation therefore is assisting 

another organism in maintaining homeostasis. Furthermore, mechanisms for maintaining 

homeostasis, i.e. for balancing the internal environment have been built in during evolution. 

Even a single-celled organism is equipped with several mechanisms to optimally adapt to 

the composition or physical state of the media in which the cell lives 1. Moreover, even for 

a single-celled organism the most efficient, or in other words the optimal way to adapt to 

the environment is by working together. Therefore, evolution built in (and probably keeps 

building in) a mechanism for ‘working together’: a mechanism for co-regulation, or bonding 
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2,3. Before zooming in on this mechanism, closely related words or concepts need to be 

defined first. 

A bond, attachment, relationship, affiliation, love, emotions, sociality, interaction, social 

behavior and cognitive behavior are all examples of words related to the word bonding. I 

consider an attachment (as defined by Bowlby 4,5) and a relationship the result of a specific 

type of bonding or co-regulation. An affiliation, or even more intuitive, the word love refers 

to a very special bond. Relationships, attachments and love experienced throughout life 

influence the process of bonding, thereby creating a feedback loop. 

Emotions, which I will come to later, are very important for the process of bonding and 

they are therefore building blocks of sociality. Sociality is the degree to which individuals of 

certain species tend to associate in social groups and form cooperative societies, the degree 

to which a specie is evolutionarily designed to form bonds 6. As was described in the thesis, 

and as will be described later in this appendix, this bond formation is achieved through 

interaction, for instance social behaviors. 

Interaction is when two organisms have an effect on each other (co-regulation). Even the 

slightest effect is an interaction; even the slightest interaction has an effect. When this 

interaction takes place in the form of (voluntary) behaviors, these behaviors are called social 

behaviors. However, not all behaviors are social behaviors. For example, talking to someone 

is both cognitive and social behavior. Social behavior is always an expression of bonding. 

Cognitive behavior on the other hand does not necessarily have to be an expression of 

bonding. Sitting at home, calculating how much money you have earned for example is 

neither social behavior, nor does it include bonding, since it does not include co-regulation. 

It does however involve self-regulation.  

These concepts will play a role in the second part of this chapter, but first I will describe how 

researchers came to define bonding as co-regulation.  

Lorenz’s work 
Professor Lorenz in particular shifted the field of ethology from generally studying behavior 

to the biological study of behavior; looking at behavior through the eyes of biologists 7. 
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Lorenz studied the attachment behavior of young ducks and geese. He discovered that 

newborn chicks, ducks or geese would typically learn to follow and thereby bond to the first 

moving object they had encountered, even when that object was a human. The capacity to 

bond was thus present immediately after birth in these animals. For behavior to be present 

immediately after birth, brain circuitry needs to already be in place 8. Around the same time, 

clinicians were making observations of the negative effects on personality development due 

to maternal deprivation or inadequate maternal care during the early years of life 9. Informed 

by Lorenz’s work and led by clinical observations, Bowlby and his colleague Ainsworth 

formed the Attachment Theory.

Bowlby’s work 
“Attachment behavior is any form of behavior that results in a person attaining or maintaining 

proximity to some other clearly identified individual who is conceived as better able to cope 

with the world”. These behaviors increase due to distress and decrease when distress lessens 

because care is being given 9. Bowlby et al. state that there is a genetically programmed 

repertoire of such behaviors, which explains the behaviors of the poultry present 

immediately after birth as observed by Lorenz 10. Moreover, as stated in Chapter 2, children 

can be categorized by the way they are attached, as judged by their behaviors. They can 

be securely or insecurely attached. Insecure attachment can be further divided into several  

categories 11. For these categories and a more elaborate explanation of the attachment 

theory, we refer to Bowlby, Ainsworth, Bretherton, Homes and Waters 5,12,13. According to 

psychoanalysts such as Bowlby, the child’s first relations are the foundation for their future 

personality and for these relationships there is a critical age-window 4. They opposed the, 

at the time widely believed reason for a child to attach to his mother to be ‘because she 

feeds him or her’. They reasoned this could not be true, as many young animals are not 

even dependent of their mother for food, they can find food for themselves. Instead, they 

concluded that attachment is driven by the need to be protected, to have a sense of safety 
5,12,13. Strong support for this soon came from Harlow’s work. 

Harlow’s work
Starting his research on neonatal and infant macaque monkeys, Harlow also seemed to 

question food as the primary reason to attach to a caregiver. One of his arguments was 

that human affection does not extinguish when the infant is no longer food dependent of 
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the mother. Human affection usually lasts a lifetime. He found out that monkeys that were 

separated from their mothers 6 to 12 hours after birth started showing strong attachment to 

cloth pads that were used to cover the floors of their cages. Removing the cloths led to angry 

and violent behavior. Human infants can display similar contact-need to pillows, blankets, 

and teddy bears when separated from their mothers. This finding led to a study design using 

two surrogate mothers: one made from soft fabric, with some comforting capacity, the other 

made from wire-mesh. The mothers differed only in the contact comfort they were able to 

supply, not in temperature or food provision. It turned out that infant monkeys preferred the 

soft fabric mother, even when a bottle of milk was attached to the wire-meshed mother and 

not to the soft mother 14. Together, Harlow and Bowlby drew attention to the role of bonding 

for the well-being of the young 15. What are the mechanisms responsible for this mother-

infant bonding? 

Hofer’s work 
Research by Hofer et al. demonstrated elements of the physiological mechanism regulating 

bonding. Experimentally controlled maternal separation revealed the existence of a deeper 

layer of physiological processes beneath the attachment behavior of infants and the care-

giving behavior of mothers. Hofer demonstrated that a mother is instrumented with a set of 

‘hidden regulators’ such as her touch, odor and warmth. Each of those maternal physical 

properties regulates a specific physiological system in the rat pup 16. For instance, separating 

mother and infant, but providing warmth, maintained the pup’s level of general activity, 

but had no effect on other systems; the cardiac rate continued to fall 17,18. On the other 

hand, during maternal separation, heart rate was regulated by the provision of milk to 

neural receptors in the lining of the pup’s stomach 19. The pups in their turn demonstrated 

care-eliciting behavior, or infant cues such as separation cries, or ultrasonic vocalizations 

(USV), directing the mother with her ‘hidden regulators’ toward the pups when they needed 

assistance for their regulation 16. In other words, a set of species-specific caregiving and 

care-eliciting behaviors were described, which was elaborated on by Fleming et al. and 

Trevarthen et al. 

Fleming and Trevarthen’s work 
Fleming et al. observed that mothers of a variety of species (e.g. rat, sheep, voles) 

acted differently with their second infant than with their first 20,21. They hypothesized a 
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neurohormonal cause and therefore studied hormonal changes at the time of parturition. 

They demonstrated that activation of maternal responsiveness was indeed accompanied 

by changes in parturition hormones (particularly estrogen, oxytocin and prolactin) in the 

investigated mammalian species 22. It took time to adapt to these hormonal changes after 

the first labor, but during the second pregnancy, adaptation had already taken place, which 

could explain the difference in behavior toward a second infant. In addition, mothers acted 

differently toward their own infant as opposed to other infants. This superior maternal 

responsiveness appeared to be caused by cues from the infants (such as pup specific odor, 

tactile characteristics and cries) causing neurohormonal alterations in the mother leading to 

recognition of, and enhanced bonding to (i.e. better co-regulation of) the mother’s own infant. 

By building in such a signaling system (through cues) and the capacity to (unconsciously) 

imprint the cues of specific organisms (e.g. one’s own mother or infant) 3,8, a bond can be 

established between organisms. Trevarthen placed this process in an evolutionary ‘survival 

of the fittest’ perspective. He stated that: “Social animals sense one another’s internal states 

through external changes in the appearance of the body and from the quality or expression 

of movements made to regulate vital activities” 1. This enables maximally efficient use of 

energy and optimal functioning within the ever changing environment 10,22. As such, both 

Fleming and Trevarthen contributed to defining bonding as an evolutionarily developed, 

cue-based process of co-regulation. Meaney et al. subscribed the evolutionary perspective 

by addressing the neurohormonal consequences of suboptimal co-regulation. 

Meaney’s work 
The experiments in the laboratory of Meaney et al. were set up somewhat similar to Harlow’s 

experiments: exposing a group of animal subjects (mainly rats) to better or more caregiving 

and comparing them to a group with less caregiving or no caregiving. In these studies, care 

was (mostly) defined as the licking and grooming (LG) behavior of parental rats. For more 

detailed facts about the methodologies and findings of these studies I refer to both Chapter 

7, as well as Liu, Francis, Caldji and Anisman amongst others 23–27. In summary, differences 

in early life LG-experiences significantly alter the hypothalamic-pituitary-adrenal-axis (HPA-

axis), otherwise known as the stress-axis 28,29. In addition, differences in patterns of parental 

care alter the oxytocinergic system and other hormonal systems 30. Such patterns of care 

giving, specifically the synchrony of caregiving is investigated by Feldman et al. 
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Feldman’s work 
Synchrony is a temporal relationship between events, occurring all around the world: 

ant colonies carrying twigs together, bees collecting honey, and birds flying in a flock  31. 

Chemical messengers that cause synchrony and reciprocity have been identified 32,33. “A bee 

queen feeds her first young larvae not because of a ‘maternal-care instinct’, but because of 

larval secretions which effectively attract her to the larvae and which she licks up readily” 32. 

These examples of synchrony and reciprocity were the basis of the research by Feldman 

et al., who have showed that physiological factors showing both synchrony and reciprocity 

can also be found in humans: 

• Eye contact is mostly based on mutual, synchronous gazing

• Menstrual periods tend to synchronize in female sharing households

• When a child drinks from the mother’s breast, the uncomfortable pressure in the 

breast drops

• Warm, tactile stimulation is given back and forth

• Motherly sensory gratification insures maternal orientation toward the infant, 

etcetera. 

Over the past years Feldman et al. performed studies demonstrating that such biosocial 

facilitation, defined as mutual biological and (microsocial) behavioral influences (cues, such 

as cries and temperature) that synchronize to a certain degree, significantly strengthens the 

formation of affiliative bonds. Regarding the serious consequences of suboptimal bonding 

described in part one of this thesis it seems valuable to add synchronization to the concept 

of bonding as a sort of ‘super feature’. 

In her articles, Feldman cites studies noting synchrony in human behavioral interactions 

such as gaze, vocalizations and body movements 34–36. Yet, as Feldman herself states, 

“research on parent-infant synchrony in humans left many questions untouched and did 

not follow the rigorous empirical methods used with other mammals. No information was 

available on the development of synchrony from prenatal life to the end of the first year, a 

period parallel to the gestation-to-weaning period of other mammals” 37. Feldman et al. tried 

to fill this gap, and here I will provide a summary of their discoveries 31,37–39 : 
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• Co-occurrences in behavior (coordination) are already observed during the first 

hours after birth, suggesting that humans are biologically prepared to engage in 

coordinated interaction

• In fact, synchronizing of biological rhythms already starts during pregnancy

• The brains of infants and parents are sensitized to mutual influences 

• During postpartum playful episodes heart rhythm-synchrony has been observed

• Typical chains of behaviors coalesce into repetitive ‘configurations’

• A momentary lack of coordination is normally followed by interactive repair the 

next second

• A patterned relationship develops, in which there is familiarity with the partner’s 

rhythms

• Several biological rhythms such as the sleep-wake cycle and heart rhythm are 

responsible for social rhythmicity and synchronization in families

As previously stated, the sensitivity and reliability, in other words, the quality of the co-

regulation process reflects the strength of bonding between organisms 40. Obviously, 

synchrony is a facilitator for sensitivity; therefore, the term ‘super feature’ seems justified. 

The amount (or quantity) of co-regulation is not a measurement for the strength of bonding; 

different stages in life require different amounts of co-regulation. From the moment of 

conception, co-regulation refers to the mastery of tasks accomplished in concert with the 

mother’s body when the child is in the womb. Postpartum these tasks include everything 

from maintaining a normal body temperature, to orchestrating physiology and behavior 

according to the day-night rhythm of human existence, to learning to soothe and settle 

once basic needs are met. Later, it means developing the capacity to manage powerful 

emotions constructively and keep one’s attention focused 41,42. Throughout all these phases, 

the capacity for self-regulation grows and therefore the dependency of co-regulation 

reduces. The content of the co-regulative processes thus change throughout life, but humans 

are social beings until the end. Therefore not the quantity but the quality of co-regulation 

remains equally important from birth until death. So, to summarize: 

• Bonding is innate; it starts from the moment of conception (e.g. Lorenz).

• Bonding is not food-driven; it is an overall protection mechanism for the survival of 

species (e.g. Bowlby, Harlow).
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• Bonding is an evolutionarily built-in, cue-based process of co-regulation (e.g. Hofer, 

Fleming, and Trevarthen). 

• Bonding increases chances of survivial, by optimizing the adaptation of the internal 

environment to the external environment, suboptimal bonding leads to suboptimal 

adaptation (e.g. Meaney). 

• Synchrony is a ‘super feature’ optimizing co-regulation from conception until death 

(e.g. Feldman).

As stated in Chapter 2, this theory on bonding implies that the foundation of the underlying 

physiological mechanisms is the same for all types of bonding, parental, pair and filial 15, as 

they serve a common and crucial evolutionary purpose; “the maintenance and perpetuation 

of the species”. It does not imply that there are no differences, but due to the shared purpose 

the efficiency of evolution will have caused much overlap 43. In my view, the mechanism 

of bonding can be seen as a huge stage on which an orchestra is playing. In the beginning, 

the violins and a cello are playing, a bit later, all instruments are playing, but at the end, 

there is a piano-only part even though it is still the same song. In the next section, I describe 

the biological factors involved in the bonding mechanism as instruments of the bonding 

orchestra.  

The instruments of the bonding orchestra 

Senses
The regulation of all bodily processes is driven by sensorial information; the sleep-wake 

cycle, blood pressure, gene transcription, memory formation, cuddling, eating, conversing 

and so on 44. The information can be external or internal, either way; some sort of sensorial 

signal is needed to initiate homeostatic processes. The brain can be seen as the command 

center for handling sensorial information and weighing that information 45. 

The brain: higher brain functions
The brain processes sensorial information and then consciously or unconsciously responds 

to that information, with an instant or long-term reaction or a plan. The brain also takes 

care of that plan’s execution through actors (such as the autonomic nervous system (ANS), 

hormones and muscles). At the same time, the reaction or plan is evaluated and possibly 
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adjusted. The human brain with its cortex, in contrast to any other species’ brain, contains 

many higher cognitive functions, enabling social reasoning, decision making in moral 

dilemmas, and a ‘theory of mind’ 46. 

For instance, mirror neurons facilitate social learning during synchronized  

interaction 47. Mirror neurons are present in the parietal lobe and orbitofrontal cortex. These 

neurons (unconsciously) fire when an individual performs a motor act, but also when that 

individual observes another individual performing a similar motor act 48. The hippocampal 

regions can subsequently memorize the motor act. These regions are the main storage areas 

for all formed memories. Memories are very useful for bonding, i.e. for parenting 23. 

Memories, but also other higher cognitive functions enable the cortex to deal with 

societal challenges in increasingly complex ways 49. “From the briefest glance to a nuance in 

someone’s tone of voice, once primitive systems are aroused, higher brain functions are also 

energized to evaluate” 2. Panksepp adds that higher brain functions allow self-discipline and 

emotion regulation. For instance, language contributes greatly to the regulation of emotions 

and to learning how to regulate emotions, by creating a means to ventilate them 2. Emotional 

education and will power create the opportunity to choose which stimuli trigger full-blown 

emotional reactions. Cognitions (especially memories) can also trigger emotional circuits 2.

Social learning increases the chance of reproducing and aids teamwork and child rearing, 

and thus the likelihood of species’ survival. Language, self-consciousness and planning are 

all higher brain functions supporting social functioning. In addition, social understanding 

can be formed, observations and predictions about people’s current behavior can be made, 

and knowledge of the world based on past experiences can be applied to new situations 50. 

Nevertheless, the cognitive apparatus relies on the underlying, primitive system. In young 

animals, emotional-limbic area lesions are much more devastating than neocortical lesions. 

Decorticated animals effectively compete with normal animals during rough-and-tumble 

play. Students asked to observe two animals and then choose which one was decorticated, 

typically chose the decorticated one to be the one with an intact cortex. Decorticates are 

generally more active, in contrast to the more timid ones with cortex 2. “The essential ‘core 

of being’ is subcortical”. Primordial circuits probably project a fundamental sense of ‘self’ 

within the brain. “Not a very skilled and intelligent self, but it allows animals to develop 

into the intentional, volitional, and cognitively selective creatures that they are” 2,51. These 

findings are also supported by Bartels et al. 43, showing that mother-infant bonding behavior 

caused deactivation of cortical areas for cognitive social judgement, and activation of other, 

more primitive, subcortical brain areas. 
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The brain: subcortical brain areas
After more than 30 years of brain research, world-renowned brain scientist and professor in 

neurobiology Dick Swaab arguments that “we are our brain”. “Everything we think, do and 

don’t do is because of our brain” 45. This is a central assumption to modern neuroscience. 

This theory yields many implications about controversial issues such as sexuality, psychiatric 

disease, the afterlife and freedom of choice. Can there be freedom of choice when choices 

are made by the brain; an organ? A discussion on these issues is beyond the scope of this 

review, but I would like to point out Swaab’s opinion about the plasticity of the brain; the 

brain is not a fixed organ. The central nervous system consists of the cortex, the primitive 

brain areas including the brain stem and the spine and thus a part of the autonomic nervous 

system. All these areas are dynamic. They change during development. Especially the early 

life (post- but definitely also pre-natal) environment is crucial to the optimal development 

of the brain. Many factors influence it’s molding 45,52 and keep influencing it across the  

lifespan 50,53,54. 

Such influences are important to the nature-nurture debate: is there really a distinction 

between nature and nurture, seeing that the one is never independent of the other 2,41,45. 

This discussion too is beyond the scope of this review, but the implication that ‘everything 

is connected’ is important for the rest of the chapter. Brain functioning depends on the 

environment. In fact, Swaab et al. demonstrate that the female brain is already programmed 

for motherhood during pregnancy. It is pre-programmed to nurture, to feed and to sensitively 

read infant cues 45. In addition, Sullivan emphasizes that infant brains are not simply 

immature brains, but brains exactly suitable for the infant stage of life. Features of the infant 

brain improve learning about the caregiver and cause immediate behaviors that ensure 

maternal proximity 52, which underlines Lorenz’ findings of bonding-oriented brain circuitry 

present at birth. 

In their review Seso-simic et al. 46 describe how reproduction and immediate post-

partum survival are influenced by and guided by the circuitry of the midbrain, hypothalamic 

structures and limbic regions. Furthermore, Leckman et al. report on the hypothalamus, 

medial preoptic area (MPOA), bed nucleus of the stria terminalis (BNST), substantia nigra, 

midbrain-pons and superior colliculus 55. The MPOA appears to be the master control region 

that senses the timing of parturition through the dynamic changes in estrogen, progesterone, 

oxytocin and prolactin. Immediately after parturition, oxytocin release in the MPOA 

activates the ventral tegmental area (VTA) directly and indirectly in response to pup stimuli, 
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leading to elevated dopamine in the nucleus accumbens and activated dopamine receptors. 

This releases the inhibitory control of the ventral pallidum by the nucleus accumbens, 

allowing excitatory input from the basolateral amygdala to activate the ventral pallidum. The 

ventral pallidum is a major output relay of the nucleus accumbens and it modulates motor 

output in response to reinforcing stimuli via projections to the thalamus and cortical and 

mesencephalic motor nuclei, culminating in the expression of maternal nurturing responses 

toward pups  55. 

This is only a limited summary of the brain’s bonding networks. For specific overviews 

and in depth theories on brain circuitry, in addition to Hruby et al. 10,48 and Seso-Simic et 

al. 46 I especially refer to Swain et al. 47,56. However, the extremely complex interplay of all 

involved brain regions, varying from ancient areas to more newly developed, cortical areas 

is still not understood completely. Either way, important to note is that, despite a shift to 

greater cortical involvement, evidence suggests that similar to in other mammals, old brain 

regions and brainstem areas drive human parenting to a great extent 57. This once again 

seems to underline that the instruments of the orchestra play their music in harmony. For 

instance, the ancient brain systems not only demonstrate a continuous interplay with the 

cortex, but they also function via hormonal pathways that are part of the autonomic nervous 

system. 

The Autonomic Nervous System (ANS)
Even though the ANS is part of the peripheral nervous system, it is mainly controlled by 

the centrally located hypothalamus and vagal nerve. The latter originates at the site of the 

medulla oblongata, a part of the brain stem. The brainstem is the oldest part of our brain; our 

ancestors had it long before they had cortices 58. The ANS can thus be seen as a primitive 

subsystem of the brain, a part of the command center. It constantly communicates with other 

parts, even though the name implies autonomy. Like other parts of the nervous system, the 

ANS too weighs sensory information, values the environment and (unconsciously) regulates 

the individual’s internal state 59. 

The ANS is a balancing part of the nervous system, keeping vital parameters in their 

necessary ranges. It can have an enormous influence on hormonal systems 60. It mainly 

consists of two counteractive subsystems: the sympathetic and the parasympathetic nervous 

system. To put it simply, the sympathetic system prepares all organs for activity and uses 

energy resources, for instance to hunt for food or to flee from bears. As was stated in Chapter 
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5, the parasympathetic system, with its key player, the vagal nerve, brings the body into a 

state of rest, restores energy resources and enables damage repair 61. As opposed to the 

sympathetic ‘fight or flight’ state, such a state of rest is obviously more appropriate for 

socializing, nurturing and bonding, as described in the Polyvagal Theory put forward by 

Porges et al. and described in Chapter 5 62. 

Porges argues that the ANS is a hierarchal neural organization, which has evolved 

through phylogenetic stages. In mammals, the ANS responds to challenges following a 

phylogenetic hierarchy, starting with activating the newest structures and, when all else 

fails, reverting to the most primitive structural system. Safety of the environment is sensed, 

and if an individual feels safe, the ANS switches to dominance of the newest structures: 

the myelinated parasympathetic branches. Heart rate and breathing slow down, blood 

pressure decreases. A relaxed state is experienced, enabling social engagement. This 

social engagement is aided by several cranial nerves that are responsible for movements 

such as eyelid opening (e.g. looking); facial muscles (e.g. emotional expression, smiling); 

middle-ear muscles (e.g. extracting the human voice from background noise); muscles 

of mastication (e.g. ingestion); laryngeal and pharyngeal muscles (e.g. vocalization and 

language); and head-turning muscles (e.g. social gesture and orientation) 62. Interestingly, 

these cranial nerves have developed from the same embryological structures during the 

same embryological phase as the myelinated branches of the vagus nerve. 

In their research, Porges et al. demonstrate that these phylogenetically different 

neuroregulatory systems allow mammals to slow the heart rate by increasing the inhibitory 

vagal control of the heart (the vagal brake), but also to speed their heart rate by decreasing 

the inhibitory vagal control of the heart. This lessens the metabolic requirements for 

mobilization and communication behaviors. Not every mobilization has to be ‘fleeing from 

a bear’, and cost as much energy 63. This vagal brake enables more rapid and subtle changes 

in the regulation of visceral states (enabling higher complexity of bonding) 64. Such changes 

in visceral state form the basis for the definition of emotions. 

Emotions
Panksepp states “Emotions are consequences of the arousal of emotional operating systems 

or circuits that actually exist in the brain”. Such arousal occurs by neural firing due to 

(rhythmic / diurnal / spontaneous / experience driven) sensorial information from the 

environment. When one or more of these systems are aroused, the internal state is adjusted 
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according to the sensorial information that caused the arousal. If an organism becomes 

aware of this change in internal state it is called an emotion 2. Emotions (changes in internal 

state) are thus important elements of the process of bonding. 

Indeed, for instance becoming a mother is described as intensely emotional, or 

overwhelming even 65. The reason that emotions can be overwhelming is because emotional 

circuits are each composed of an anatomical network of interconnected neurons and 

endocrine, paracrine and immune influences and they can therefore have enormous (co-) 

regulatory effects. The link between emotions and the ANS is thus very strong; in fact, the 

ANS has long been recognized as the only output system for emotions. Certainly, the ANS 

is part of many of the emotional circuits, but it is now appreciated that several other brain 

regions, including a separate enteric nervous system, contribute to the internal state shifts 

that are experienced as emotions as well 2. 

Emotional circuits
Emotional circuits are evolutionarily built-in neural circuitries that lead to inherited (pre-

programmed) cascades of responses of the internal state, to changes in the environment. 

Arousal in these circuitries cause ‘reflexive’ visceral reactions, such as an increase in 

heart rate caused by fear, but reflexive behavioral reactions can also be caused by these 

circuitries, for instance ‘freezing’ when seeing eye to eye with a bear. Depending on the 

neural complexity of the species, there are also inherited reactions on a non-reflexive 

level, e.g. a spider building a web, or the following behavior of poultry when they have 

just hatched from their eggs 2. Panksepp states, “Emotional circuits thereby allow newborn 

animals to begin responding coherently to the environments in which they find themselves. 

Without such inherited behavioral potentials, no creature could survive” 2. He furthermore 

hypothesizes that when such neural activities continue at low levels for extended periods of 

time, they can generate moods and ultimately personality dimensions 2. Various personality 

dimensions can be addressed by this theory, because there are various emotional circuits. 

Activity in every such circuit normally leads to a survival-increasing reaction. 

An important circuit for survival is called the SEEKING circuit. By providing an inner drive to 

explore the world and to find resources to survive, this circuit explains how animals regulate 

their energy and fluid metabolism. Another important circuit is termed the LUST circuit, 

this was already present within the reptilian brain, albeit much simpler than in the human 



The physiology of bonding - A closer look

265

brain. When aroused, this circuitry leads to reproductive states or behavior, necessary for 

the species’ survival. The FEAR and RAGE circuits are foundations for the ‘fight or flight’ 

response. These mechanisms increase survival when facing danger. Even though there is 

some overlap in circuitry and purpose, a distinct and equally necessary PANIC system has 

been identified. This system assures that – especially when the SEEKING, FEAR, and RAGE 

circuits are still immature – organisms are maximally assisted by other organisms to survive. 

It signals separation and loneliness and assures that offspring are able to indicate that they 

are in need of care, e.g. by vocalizations. It therefore increases the chance that parents take 

care of their offspring. Even when the SEEKING, FEAR and RAGE circuits have matured, the 

PANIC system remains operative and the behaviors that result from arousal of a normally 

functioning PANIC system optimize family life. The core of the social emotions and of social 

bonding belong to the PANIC circuit. However, additional bonding-related circuits like 

LUST and PLAY have also been identified. Moreover, all of this neural circuitry functions 

through signaling molecules like neuromodulators, neurotransmitters and hormones. 

Panksepp describes neuromodulators such as oxytocin, vasopressin, glutamate, dopamine 

and serotonin in a detailed way. For instance, he addresses neurochemical changes caused 

by circuitry activation due to pleasurable pro-social activities. When an individual becomes 

aware of this altered internal state, he or she experiences emotions of love, lust or happiness. 

The hormone oxytocin is one of the key players involved in these circuitries and therefore 

in generating these emotions. 

Oxytocin
Many articles or reviews on bonding, of which I only refer to some frequently cited articles, 

either start with a section on oxytocin (OT), or dedicate their main part to it 3,15,66–71. Neurons 

with OT receptors are widely spread throughout the central and peripheral nervous  

system 72. In addition, most – if not all – visceral target organs of the ANS contain receptors for  

OT 72,73. The extensiveness and complexity of the oxytocinergic system enables endless 

variation in the effect of OT on its receptors per different location within one individual 

organism and within different organisms. In addition, the fact that the biological properties 

of the sulfur bonds that create the ring in OT are dynamic also contribute to the various 

methods of acting of OT. Those sulfur bonds allow formation of both temporary and 

long-lasting unions with other chemical entities throughout the entire body, including 

neuromodulation within the central nervous system 67. Neuromodulation is the regulation of 
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a diverse population of neurons, as opposed to classical one on one synaptic transmission by 

neurotransmitters 74. When acting through neuromodulation, OT is called a neuromodulator 

instead of a hormone. 

As previously stated, genes responsible for OT-like peptides evolved more than 700 

million years ago. The processes that were influenced by the OT precursor 700 million 

years ago (water balance, immunity, metabolic processes) are still regulated by OT and its 

structurally related molecule vasopressin (AVP). AVP is responsible for controlling urine 

dilution 61. OT is found to increase wound healing and to improve the immune system 

functioning 75–77. The OT and AVP molecules appear to have been repurposed repeatedly 

while maintaining former purposes, suggesting that they have been one of the important 

tools helping evolution drive organisms toward optimal efficiency. In humans, optimizing 

efficiency led to sociality and a growing neocortex. Indeed, OT is important for social 

behaviors, but it also supports cortical growth 67,78. Besides its role in inflammatory processes, 

OT can stimulate cellular growth, death or motility. It influences differentiation, including 

stimulating stem cells to differentiate into cortical cells 79. OT increases cortical plasticity 80. 

In addition, OT receptors are found in bones, where they appear to induce bone growth and 

bone remodeling 81–85. OT is therefore also linked to skull enlargement, but a direct relation 

has not yet been reported. Nonetheless, the nurturing effects of OT indirectly encourage 

encephalization by ensuring infant care and thus permitting slow maturation of the nervous 

system 67. 

Furthermore, parallels between the evolution of mammalian physical traits and the 

evolution of the OT molecule, circuitry and functions have been discovered. For instance, 

the phylogenetic shift in the myelination of the vagus (described in the Polyvagal Theory) 

is paralleled by a modification in the hypothalamic regulation of the dorsal vagal complex 

via both OT and AVP 62. It seems that in addition to the interplay between the sympathetic 

and parasympathetic system, the interplay between OT and AVP is also important. In a 

human study by Apter-Levi et al. parents with high OT levels displayed more affectionate 

contact compared to parents with low OT and those parents responded to infant social 

gaze with increasing social salience. In that same study, parents with high AVP engaged in 

stimulatory contact and tended to increase object-salience when infants showed bids for 

social engagement 86. 
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Vasopressin
Similar to in Apter-Levi’s study, AVP has been demonstrated to stimulate paternal behavior 

(e.g. time spent grooming) in male prairie voles 87,88. Other studies on human males show 

similar pro-social effects by AVP 89. Also, brain regions that are part of the AVP circuitry are 

involved in socio-cognitive processes in humans and in rodents 90. Similar to OT, AVP has 

been found to promote social recognition in rodents 91. AVP probably prompts different, 

gender related social strategies. In men, the AVP-brain associations may support the ability 

to read the intention of others, in order to defend mother and young resulting in aggressive 

behaviors in certain contexts, while in women, AVP might support the ability to befriend to 

others 92,93. Just as the effect of OT on the onset of maternal behavior is highly dependent on 

estrogen, the effect of AVP is highly dependent on testosterone levels in males 94.

Gonadal hormones
Testosterone amplifies the genetic expression of AVP receptors throughout the body 

and the AVP production in the hypothalamus. Accordingly, males have more extensive 

vasopressonergic circuits than females. The genetic blueprint of OT and OT receptors are 

under the control of the ovarian hormone estrogen 95. Nonetheless, testosterone can have 

influences on OT concentrations as well 96. Recent data from Feldman’s laboratory show 

that “during the early stages of romantic attachment, levels of plasma OT and testosterone 

are inter-related and are associated with respiratory sinus arrhythmia (RSA), an index of 

parasympathetic influences over heart rate variability. Such hormonal-autonomic interactions 

were found to predict observed social reciprocity between new lovers, expressed in mutual 

gazing, matched affect, positive arousal, and affectionate touch” 15. 

Estrogen, which remains at modest levels throughout pregnancy, rapidly increases as 

parturition nears. Progesterone, which has been high throughout pregnancy, begins to 

decrease 2,61,97. In many species, the cocktail of these hormones leads to nesting behavior 

several days before the baby is due. Rat mothers literally start building nests, while human 

mothers color the room for the baby and shop for clothes and equipment 2. Unfortunately, 

too little is known about the exact hormonal shifts and the interplay between OT, AVP, the 

gonadal, and other relevant hormones such as prolactin during pregnancy. 

OT appears to stimulate prolactin release 75. Fathers’ prolactin levels correlated with OT 

and with paternal coordination of joint exploration with the infant 98. Fathers with higher 

levels of prolactin tended to be more watchful and displayed more positive reactions to the 
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infant’s crying. Moreover, skilled fathers showed a higher increase in prolactin 99. Prolactin 

administration facilitates maternal behavior in a steroid-primed non-pregnant rat. In sheep, 

steroid-priming is necessary for vaginocervical stimulation (causing OT release) to induce 

immediate maternal behavior in a non-pregnant ewe 97. 

Opioids
Similar to OT, opioids are a part of the PANIC-system circuitry. To recall, the PANIC-

system is the main contributing emotional operating system to bonding. An increase in 

opioid concentration has been reported to fade out arousal in the PANIC-system. Similarly, 

when exceeding a threshold, OT also fades out PANIC-system arousal. On the other hand 

initial PANIC-system arousal results in an increase in OT, but not opioids. For example, 

separation distress would result in increased OT facilitating social behaviors asking for 

parental attention (crying, vocalizations), but not in increased opioid levels. When a parent 

responds to the distress behaviors, both opioids and OT are released to exceed a threshold 

(positive feedback loop) fading out the PANIC-system activity. The brain opioid system was 

the first neurochemical system found to exert a powerful inhibitory effect on separation  

distress 100. Re-uniting the infant with social familiars causes separation distress vocalizations 

to stop and restores pre-separation levels of both opioids and OT 101. Moreover, increases in 

opioid concentrations reduce the need for gregariousness 102. In addition, touch has been 

demonstrated to activate both the opioid system 103 and the OT system 15, and an injection of 

opioids in the absence of social behaviors possibly stimulate an OT increase as well 104. On 

the other hand, a sudden decrease in opioids might also increase OT just as acutely stressful 

experiences do. Either way, an increase in OT appears to increase the sensitivity of the brain 

to opioids 105. All these examples once again indicate the complexity of human physiology 

and thus the physiology of bonding. 

Currently, OT, AVP and opioid systems appear to be very important players in the 

construction and maintenance of social bonds in mammals. However, the main function of 

opioids is modulating pain. This might explain that to lose someone you love can actually 

feel painful, because, especially when we lose those in whom we have invested a great 

deal of genetic effort (our children) or those who have helped us to thrive (parents, siblings), 

the brain opioid level plummets 2. Such reductions in opioid activity increase the desire for 

companionship. This opioid contribution to experiencing desire can also influence sexual 

reward and place preference. However, most of the experiencing of reward, including a 
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rewarding feeling (and thus a motivation) for bonding comes from connectivity with the 

dopaminergic system.  

Dopamine 
Arousal of the dopaminergic system provides an intuitive reinforcement and increases the 

incentive value of experiences; the system is often called the reward system. By elaborately 

connecting such a reward-system to the OT-system, the infant’s incentive value of the 

mother increases 15. It leads to a very pleasant or satisfied feeling when dopamine synapses 

are active in abundance, a feeling that we eagerly want to activate and which thus feels 

as a reward once we experience the feeling 2. However, interference of the systems or 

inappropriate arousal somewhere in the network can cause unwanted tendencies, such 

as addiction 106. Bos et al. suggested a mutual influence between gonadal steroids, OT 

and dopamine interactions for most addictive behaviors 107. Studying monogamous rodents, 

Young et al. 108 suggested the following model for pair-bond formation: OT and AVP 

contribute to memorizing social cues and individual recognition. Mesolimbic dopamine is 

involved in reinforcement and reward learning. Concurrent activation of neuropeptide and 

dopamine receptors in the reward centers of the brain during mating results in a conditioned 

partner preference, observed as a pair bond 108. Champagne et al. showed that minute-by-

minute dopamine release in the nucleus accumbens correlates with licking and grooming 

behavior 109, and not only does dopamine appear to be a significant modulator of social 

behavior, the specific type of dopamine receptor seems to be just as important. Facilitation 

of maternal behavior occurs through activation of the adenylyl-cyclase linked D1 receptor, 

but not with the phospholipase C-linked D1 receptor 110,111. Nonetheless, since several other 

factors (including opioids) have been described to influence bonding, this seems to be a 

simplified version of the entire bonding network. For instance, Welch et al. published an 

article based on their theory that emotions and emotional behavior stem from dysregulations 

of a unified brain-gut network 112.

The brain-gut network: enteral hormones 
Welch et al. provide evidence that two neuropeptides, secretin and OT, are critical in the 

conditioning of infant adaptive behavioral patterns, and that peptidergic mechanisms are 

abnormal in developmental disorders such as autism. In addition, cholecystokinin (CKK), 

a hormone especially involved in signaling hunger or satiety, has been shown to increase 
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to 200% from before to after feeding during skin-to-skin contact, in comparison to feeding 

by nasogastric tube where CCK levels did not change 113. “CCK may mediate part of the 

naturally soothing, calming aspects of milk and touch and take part in the neuropeptide 

basis of early learning of discriminative maternal aspects” 114. OT levels correlated with 

cholecystokinin. CCK appears to play a role in maternal-infant bonding 115,116. 

Others
As previously stated, arousal in the PANIC- FEAR- and RAGE-circuit appears to be reduced 

by OT and vice versa. A threatening situation resulting in a release of for instance glutamate, 

cortisol, adrenalin and AVP, is the main reason for arousal of those circuits. When those 

circuits are aroused, stress is induced in the form of panic, fear or rage. In an adequately 

functioning system – depending on an individual’s history – separation stress (panic) will 

increase OT release and thereby initiate vocalizations and social behaviors in order to start 

restoring the internal state balance 2. When social behaviors are answered and a caregiver 

provides comfort and warmth, OT will continue to increase (the positive feedback loop) 

and the arousal in the PANIC- FEAR and/or RAGE-circuits generated mostly by glutamate, 

cortisol and adrenalin will cease 2. 

Gamma-aminobutyric acid (GABA), is another neurotransmitter described to influence 

attachment in animal studies 48. GABA and glutamate appear to participate in every 

behavioral, physiological and cognitive process that has ever been studied 2. GABA is 

described as the overall inhibitor of the central nervous system (CNS). Thus, when GABA is 

secreted at the site of a dendrite belonging to an OT producing neuron, OT production will 

normally be inhibited. Since GABA is a substance functioning very broadly throughout the 

CNS, further details are beyond the scope of this review 61,75, nonetheless GABA has been 

implicated in many psychiatric disorders. Secretin and OT inhibit GABA activity 112.

Adrenocorticotropic hormone (ACTH) is a pituitary hormone of which the production 

is increased by the hypothalamic hormone corticotrophin-releasing hormone (CRH) under 

influence of stressful situations. The main function of ACTH is then to stimulate the adrenals 

to produce the stress hormone cortisol. The CRH to cortisol chain is called the HPA-axis or 

‘stress axis’. The stress-induced rise in plasma ACTH causes a rise in OT, OT then attenuates 

or inhibits the stress response (depending on the received care giving or comfort) and 

continues to rise itself 75,117. Indeed, microinjections of OT into certain hypothalamic regions 

decrease the stress-induced rise of plasma ACTH and corticosterone 118,119. In both animals 
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and humans, OT reduces physiological and behavioral indices of stress 66. The coupling of 

these two systems, the HPA-axis and the oxytocinergic system, influences an individual’s 

risk of HPA-axis dysregulation in a similar way that the coupling of the OT system and the 

dopamine reward system influence an individual’s risk of addiction. Hamsters and mice that 

form social bonds are buffered against stress and heal cutaneous wounds more quickly than 

socially isolated animals, presumably because the physical contact experienced by the pairs 

releases OT, which in turn suppresses the HPA axis and facilitates wound healing 120. There 

is an abundance of literature on this topic (stress altering development and development 

altering the stress axis) 24,25,27,29,121. For an overview of this literature, I refer to Chapter 7 as 

well.  

Serotonin (5-HT) is a neurotransmitter that, like GABA and glutamate, has a very broad 

influence. It is involved in practically every chemical process in the brain. Essentially, 

that same conclusion holds for the non-selective molecules acetylcholine, dopamine and 

norepinephrine 2. More importantly, 5-HT is a key player in generating a positive mood 

and thus in creating receptiveness for sociality 66. This means that, like OT and several 

other molecules mentioned before, it is a key player for the process of bonding. There are 

currently 15 serotonin receptors discovered, causing a wide variety of – sometimes converse 

– consequences due to serotonin increase 2. Overall, serotonin release is facilitated by  

OT 121,122. OT has site-specific, organizational influences on the serotonin system during 

the neonatal period. For example, OT treatment on post-natal day one affected serotonin 

axon length density on post-natal day 21 in certain regions of the hypothalamus and  

amygdala 123. Serotonin mildly suppresses PANIC-system arousal 2. Mice knocked-out for pet-

1 gene, which is important for adequate serotonin system development, failed in providing 

maternal care. Their offspring died within five days because of insufficient maternal care 124. 

Increased serotonin promotes affiliative behavior in non-human primates and in humans as 

well 125. Significantly increased levels of AVP and OT production were detected in the tissue 

culture media following 5-HT administration, depending on the 5-HT dose 126. OT infusion 

facilitated serotonin release within the median raphe nucleus and reduced anxiety-related 

behavior. Infusion of a 5-HT2A/2C receptor antagonist blocked the anxiolytic effect of OT, 

suggesting that OT receptor activation in serotonergic neurons mediates the anxiolytic 

effects of OT. This is the first demonstration that OT may regulate serotonin release and exert 

anxiolytic effects via direct activation of OT receptors expressed in serotonergic neurons of 

the raphe nuclei 122. 
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This OT and 5-HT coupling probably influences an individual’s risk for developing 

depressive disorders; researchers have convincingly demonstrated the serotonergic 

systems of depressed patients to be altered 127,128. Matsushita et al. report that OT levels 

are significantly lower in patients with depression. Furthermore, a drug for the treatment 

of sexual dysfunction, sildenafil, enhances the electrically evoked release of OT from the 

posterior pituitary. Matshushita et al. showed that sildenafil had an antidepressant-like effect 

through activation of an OT signaling pathway. The antidepressant-like effect was blocked 

by an OT receptor (OTR) antagonist and was absent in OTR knockout (KO) mice 129. For a 

recent review on serotonin and sociality, see Kiser et al. 130.

Norepinephrine (NE) is a biogenic amine, which means that in the first place, it operates 

as a nonspecific actor (either as a hormone or as a neurotransmitter) for internal state 

regulation. NE is a precursor to epinephrine (also known as adrenaline), thus the nonspecific 

controlling of organs and behaviors will be in a sympathetic direction 2. An article on the 

role of NE (and other central neuromodulators) in mammalian aggression is published by 

Yanowitch et al. 131. Secondly, NE is specifically released in massive amounts at birth 132. As 

stated by Hruby et al., NE is involved in the regulation of parental behavior. Female rats that 

are genetically disabled for synthesis of noradrenaline expressed no care of their youngsters. 

Despite this condition they developed maternal behavior after application of noradrenaline, 

when noradrenaline was administered before, but not after birth 133. This might be because 

noradrenaline plays an important role in emotional memory processing. It is known that the 

locus coeruleus (brain noradrenergic center) is markedly interconnected with the amygdala, 

hippocampus, frontal cortex and other structures associated with storing emotional  

memory 134. Therefore, in addition to OT, the presence of NE within the olfactory bulb is 

important for odor learning 135. Other substances that are important for odor learning are 

nitric oxide (a gaseous substance), dopamine, glutamate and GABA 2,22. 

A series of complex peptide molecules called neurotrophins probably influence bonding 

as well, either through odor learning or through directing cell differentiation. For example, 

“nerve growth factor (NGF) and brain derived neurotrophic factor (BDNF) have now been 

identified to govern maturation and development of specific neural systems. These molecules 

control very specific growth processes in the brain and they can also protect neurons against 

various forms of toxicity” 2. In their review, Marazziti et al. emphasize on the importance 

of these neurotrophins, stating that recent observations, coming partially from humans, 

suggest an important role for neurotrophins in the regulation of bonding, while acting as a 

modulator of different endocrine functions 136.  
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To conclude, many molecules are involved. Moreover, these molecules are coupled, 

act together, or are at least influenced by one another to enable optimal adjustment to 

environmental challenges. Several other signaling molecules that were not described yet are 

involved as well 137,138. I aimed to provide an insightful overview by giving a brief description 

of neuronal factors, hormones, emotional operating systems and their use of signaling 

molecules, but it appears impossible to provide a comprehensive overview. Important to 

note therefore is that all signaling molecules are produced because of the transcription of 

genetic material. 

Genetics
Organisms consist of cells containing genetic material in the form of DNA. This material 

codes for the building up of the entire organism, by providing a manual for protein 

manufacturing 139. Hormones and receptors are mostly made of proteins, and enzymes are 

proteins as well. Enzymes promote three general types of biochemical transactions relevant 

for neuromodulation and therefore relevant for co-regulation: 1) cleaving mother-proteins 

to form shorter proteins called neuropeptides, 2) joining molecular fragments  to form other 

brain molecules, such as acetylcholine, 3) modifying amino acids to form many other 

neurotransmitters (dopamine, NE, serotonin). Receptor manufacturing is also supported 

by enzymes 2. Proteins thus are a large class of biomolecules, including many signaling 

molecules (hormones, neuromodulators etc.), receptors, and cell components. They form 

blood cells, other components of the immune systems, neurons, glial cells and eventually 

entire brain regions and their circuitry 61. 

Defects in the genetic material, the blueprint for producing proteins, can thus be 

detrimental 140. One might wonder whether the genetic material is the conductor of the 

bonding-orchestra. However, the process of reading and transcribing DNA is highly dynamic. 

It is majorly influenced by an individual’s previous experiences and environmental aspects 

(both positive and negative), through a phenomenon called epigenetics. 

Epigenetic mechanisms
The transition of traits across generations has typically been attributed to the inheritance 

of genomic information. However, it has been shown that epigenetic mechanisms are 

capable of mediating this type of transmission 141. The term epigenetic refers to chromatin 

modifications that alter gene expression without affecting DNA sequence. In other words, 

epigenetic mechanisms allow external factors to influence gene expression without 
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changing the DNA material. For instance, a decreased DNA methylation of the CRF gene 

promotor and increased methylation of the glucocorticoid receptor exon L2 promotor have 

been demonstrated in the hypothalamus of adult male mice born to gestationally stressed 

females 46. 

The neonatal period is associated with a significant increase of DNA levels in the  

cortex 48. During this period the brain rapidly generates nucleic acids and this is directly 

influenced by experiences, especially social events 142. According to recent research, the 

mother-infant bond is an extremely important epigenetic factor. Variations in maternal care 

influence DNA methylation substantially 143. 

Maternal stress is another environmental aspect affecting the offspring. It does not alter 

DNA sequence, but it alters gene expression. This and more on the exact mechanisms 

mediating gene expression can be found in many articles on epigenetics 139,141,144,145. 

Different proteins (enzymes, hormones, receptors, etc.) will thus be synthesized in offspring 

in a stressful environment, compared to offspring experiencing a non-stressful environment. 

This means that receptors can be down- or upregulated due to different experiences 146. For 

instance OT receptors can, under influence of persistently high or persistently low OT levels 

(due to different experiences) be down- or upregulated 147. Receptors are thus also a factor 

influencing (co-) regulation, in addition to environmental experiences. 

Environmental experiences: individual, cultural, and societal factors
For an extensive report about environmental factors, their psychological and physiological 

influences and words of caution about the changing (Western) societies, less and less 

addressing the needs of young children, I refer to the book From Neurons to Neighbourhoods 

by Shonkoff and Phillips 41. 

An additional, striking quote related to this topic is one by Carter and Porges: “The 

brain of a human ‘in love’ is flooded with sensations, often transmitted by the vagus nerve, 

creating much of what we experience as emotion. The modern cortex struggles to interpret 

the primal messages of love, and weaves a narrative around incoming visceral experiences, 

potentially reacting to that narrative rather than reality” 49. 

This illustrates that the body’s regulatory systems are complex 50. Since bonding is co-

regulation, every regulatory system can be involved in bonding if only it is subjected to the 

influence of another organism. This explains why health and well-being in general can be 

drastically influenced by bonding 148. Suboptimal bonding impairs hormonal, epigenetic 



The physiology of bonding - A closer look

275

and neuronal development. Nonetheless, these impairments can be reversed. The aim of 

this appendix was therefore not to provide a complete understanding of the physiology 

of bonding (since it is not completely understood), but to paint the bigger picture, and to 

visualize that bigger picture in a brainstorm tool (Figure 1). When interpreting that brainstorm 

tool, there are words of Panksepp that should be taken into account: there is always the 

risk of “imposing too much linear order upon ultra-complex processes that are essentially 

chaotic”. As mentioned before, the mechanism of co-regulation is extremely complex. 

Nonetheless, I hope the tool can inspire clinicians, designers, engineers and researchers in 

their attempts to devise interventions to enhance bonding. 

FIGURE 1. Brainstorm tool for designing interventions aimed at enhancing bonding

Conclusion
The physiology of bonding reflects a universal mechanism present in all organisms, built 

in during evolution. Modern day life makes adequate bonding increasingly difficult. 

Technological and clinical interventions could help in optimizing bonding. Therefore, I 

present a simplified overview of important elements for the process of bonding serving as 

a visual brainstorm tool for engineers, designers or clinicians striving to enhance bonding.  
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DESIGN TO ENHANCE BONDING IN A NICU

How to enhance bonding in a NICU: overview and opinions

Paper titled “Viewpoints of Parents and Nurses on How to Design Products to Enhance 

Parent–Infant Bonding at Neonatal Intensive Care Units: A Qualitative Study Based on 

Existing Designs”. Laura Schrauwen, Deedee Kommers, Sidarto Bambang Oetomo. Health 

Environments Research & Design Journal 1-12, https://doi.org/10.1177/1937586717728483

Abstract 
Aim: To investigate how products can be designed to improve parent-infant bonding in a 

NICU. 

Background: Impaired parent-infant bonding is an inevitable consequence of premature 

birth, which negatively influences development. Products, systems or services that support 

bonding might counter these negative influences. 

Method: The first step was to trace existing designs by performing a literature search in 

PubMed, the university library and Google. The identified existing designs were then used 

in semi-structured interviews with nurses and parents to get insights into their desires and 

requirements for designs to enhance bonding. Interviews contained open questions and a 

multiple-choice questionnaire based on the literature search. 

Results: In total, 17 existing design-types were used in interviews with 11 parents and 23 

nurses. All nurses explicitly stated that practicality was the first criterion designs definitely 

had to meet. All parents indicated that they would like to use a design to enhance bonding if 

that would contribute to their child’s health and development. For both parents and nurses, 

the most valuable way to enhance bonding seemed to be designs to improve Kangaroo 

care, however, their specific desires varied substantially. Therefore, seven recurring themes 

were defined, resulting in nine general recommendations and six opportunities intended to 

enhance parent-infant bonding. 
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Conclusion: This study provides design recommendations and opportunities based on 

parents’ and nurses’ expert opinions. Overall, designing to enhance bonding is considered 

valuable, however, designs should match the stakeholders’ desires and conditions.   

INTRODUCTION

Worldwide, an estimated 15 million babies are born prematurely every year and this is 

still increasing 1. Babies born before 37 weeks of gestation are considered premature 

infants and babies born before 32 weeks of gestation are considered very preterm. Very 

preterm and critically ill babies are admitted to a neonatal intensive care unit (NICU), 

where neonatologists and specialized NICU nurses can provide the necessary medical care 

to those infants 24 hours a day. Nonetheless, the many unnatural stimuli that babies are 

exposed to in a NICU, such as tubes, patches, noise, bright lights and painful procedures 

negatively influence development. Moreover, the impaired parent-infant bonding caused 

by those unnatural stimuli and parent-infant separation also significantly affects hormonal, 

epigenetic and neuronal development 2. 

According to neuropsychologists and psychobiologists, bonding is a process of co-

regulation: when an individual uses his or her capacity to support in the regulation of the 

internal environment of another organism. In order to do so, organisms sense cues that 

reflect the other’s internal environment and respond to those cues. Cues are for instance 

facial expression and voice, but also heart rate, temperature, skin color and scent 2. Every 

organism has appropriate sensitivities to send and perceive cues 3, but in preterm infants, 

cues are scarce and difficult to recognize. Due to their physical immaturity, they are less 

capable of expressing their internal state. Parent-infant bonding is thus disturbed in a period 

of time when this is actually needed the most 2. Currently, awareness of the problem is 

growing, and therefore hospitals are inclined to increase family participation. In other words, 

daily caregiving becomes more and more centered around the entire family, a philosophy 

called family centered care 4. 

This philosophy acknowledges that, over time, the family has the greatest influence on 

an infant’s health and well-being 4. Medical staff is therefore encouraged to collaborate 

with parents, teach them how to understand their baby’s behavioral cues, and provide 

information about developmentally appropriate positioning and handling. Family centered 
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care is now recognized as an essential attribute of high-quality neonatal care, and it is 

intended to improve quality of life for high-risk preterm infants and their families 5. One of 

the most important features of family centered care is promoting and facilitating Kangaroo 

care.

Kangaroo care is when a diaper-clad infant is placed on the naked parental chest, enabling 

optimal parent-infant co-regulation or bonding 6. Additionally to reducing infant crying and 

fussiness, it has shown to significantly reduce mortality and morbidity, to increase weight 

gain, and to improve temperature regulation, breast feeding and parent-infant bonding 2,7,8. 

In spite of these well-known beneficial effects, the time that parents spend kangarooing is 

often limited due to several reasons, such as older siblings at home that need attendance and 

restricted parental leave for fathers and in some countries both parents 9. Complementary 

approaches that could benefit bonding and hence improve the development of preterm 

infants have therefore been described. 

Research suggests that the use of parental odors can reduce stress and provide comfort 

to babies in the NICU 10. Furthermore, exposure to maternal sounds within the incubator 

resulted in promising effects 11. However, such strategies are still not implemented or used 

routinely within NICUs. A reason for this might be that stakeholders’ requirements and 

desires are not described clearly in literature. 

The purpose of this research was to investigate the opinions of parents and nurses 

on product design to enhance parent-infant bonding and to thereby discover design 

opportunities. We wanted to answer the question: “How can design be used to improve 

bonding between parents and their premature babies admitted to the NICU?” In this 

study, design refers to product design and design features of products. In order to discover 

design opportunities, we first performed a literature search to identify existing designs as 

well as items for a questionnaire to evaluate designs. Consecutively, the stakeholders were 

interviewed using both the existing designs and the newly developed questionnaires in 

order to derive design recommendations and opportunities from their expert opinions.
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METHOD

Literature search and questionnaire development
The electronic databases of PubMed, the university library, and Google were searched with 

the search terms ‘premature infant OR preterm infant OR neonate OR NICU OR parents, 

AND senses OR interventions OR bonding OR design’ in the title or abstract. All abstracts 

found in PubMed and the university library, and the abstracts on the first ten Google pages of 

each of the 20 search term combinations were screened. Articles were considered relevant 

when the main topic was related to bonding, effects of a NICU stay on parents, the influence 

of different senses on bonding: hearing, touching, tasting, smelling, seeing, or designing to 

enhance bonding. These criteria resulted in 34 articles and 17 internet hits to be read full 

text, including their reference lists to search for additional relevant papers. In the end, 16 

articles were included that described designs, systems or services to enhance parent-infant 

bonding in a NICU. An image and description of each design, system or service was then 

printed and laminated to use in a semi-structured interview with the stakeholders (Figure 1). 

Designs or services that turned out to have similar concepts were grouped. 

FIGURE 1. Example of a laminated card with an existing design-product aimed at 
enhancing parent-infant bonding in a NICU printed on it
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Finally, the purposes of the designs (for instance, improving comfort or enhancing 

communication) were used to form items for a questionnaire to evaluate bonding-enhancing 

interventions. Nine items were defined, all containing a positive statement with respect to 

a design. Every statement could be ranked 1 to 5, with 1 indicating “totally disagree” and 5 

indicating “totally agree” (Table 1). 

TABLE 1. Questionnaires for parents (P) or nurses (N)
Product:

_____________________________

Totally 
disagree

Disagree Neutral Agree Totally 
agree

P and N: I would like to use this product 1 2 3 4 5

This product would enhance  
communication 

P: between me and my baby 
N:  between parent and infant

1 2 3 4 5

This product would give N / P a reassured 
feeling

1 2 3 4 5

I would recommend this product to others 1 2 3 4 5

This product would improve parental 
comfort

1 2 3 4 5

P: I feel that I can contribute to my baby’s 
well-being when I would use this product 
N:  This product would contribute to  
Family Centered Care

1 2 3 4 5

7. This product seems easy to use 1 2 3 4 5

8. This product would soothe preterm 
infants

1 2 3 4 5

9. This product looks nice 1 2 3 4 5

Study set-up
All nurses working in a NICU and all parents having one or more preterm babies admitted 

to our NICU were suitable for the interview. Families were recruited with help from the 

nurses; they indicated which families were eligible and asked them whether they wanted 

to participate. Each interview with parents took place in their single NICU room, to ensure 

privacy and to not unnecessarily separate parent and child. Interviews with nurses took 

place in a NICU office to ensure privacy. In the first phase of the interview, the researcher 

asked the participant to look at the laminated cards and to pick out those, which the 

participant considered interesting. Thereafter, semi-structured open-ended questions about 
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advantages and disadvantages of each chosen design were asked. These open questions 

were used to help each participant to openly share their personal opinions. In the second 

phase, the participant was requested to fill in one questionnaire per chosen design, resulting 

in a total interview-duration of 20 to 30 minutes. To warrant privacy, interviews were not 

audiotaped but the interviewer took extensive notes during every interview. All notes were 

transcribed into a digital, anonymous document immediately after finishing. The medical 

ethical committee of Máxima Medical Centre approved this study. 

Data analysis 
To become familiar with the data, all interview transcripts were read twice. During the 

second read, data pieces were coded to identify recurring themes. The themes could help 

answering the question how to use design to enhance parent-infant bonding in NICUs. 

Additionally, the questionnaires were analyzed and every design was given a score depending 

on how the participants ranked the interventions. The outcomes of the questionnaires were 

summarized in tables. Finally, by combining the results from the literature search, the 

recurring themes, and the questionnaires, design recommendations and opportunities based 

on the stakeholders’ opinions were described.

RESULTS

Existing designs and concepts
Throughout the literature search, 17 design-types intended to enhance bonding between 

parents and premature babies were found (Table 2). The interventions were divided into 

three categories: 1) interventions facilitating or simulating aspects of Kangaroo care 

2) interventions exposing infants to parental stimuli or vice versa, and 3) interventions 

facilitating the communication between parent and infant while they are separated. 
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TABLE 2: Existing designs to enhance bonding

Designs facilitating or simulating aspects of Kangaroo care

1. Incubator mattresses that aim to provide Kangaroo care-like stimuli to the infant

2. Incubator blankets that aim to provide Kangaroo-care like stimuli to the infant

3. Sweaters or wearables aimed to make Kangaroo care more comfortable

4. Newly designed Kangaroo care chairs 

5. Single-room NICUs or screens to increase privacy during Kangaroo care

6. Designs aimed at facilitating Kangaroo care by making the physical appearance of the infant less vulnera-
ble and less tangled up in wires, i.e. devices for unobtrusive monitoring 

Designs exposing infants to parental stimuli, or parent and infant to familiar stimuli

7. Biological or familiar sounds (voice, singing, music, heartbeat, bowel sounds)

8. Scent cloths, stuffed animals, pillows, or other scented materials

9. Devices that aim to simulate parental touch, tactile information or vibration

10. Enhancing parent-infant co-regulation by creating a more natural parent-infant habitat: coziness, parental 
empowerment and a day-night rhythm which exists in utero but less so in a NICU, e.g. by personalizing the 
room, enabling parental responsibility for feeding, and providing cycled lighting

Designs facilitating communication between parent and infant during physical separation

11. Incubators improving communication by allowing more closeness between parent and child

12. Devices sending real-time updates about the baby to the parents at home

13. Devices sending visual information from the NICU to the parents at home

14. Intelligent incubator-blankets that can transfer real-time consoling signals from parents to babies

15. Devices transferring real-time parental sounds from parents to babies

16. Alterations to the highly technical monitor screen 

17. Alternative usage of infant parameters or alarms to inform parents about the status of their baby

Interview outcomes
In total, eight mothers, three fathers and 23 nurses were asked to give their opinion about 

the designs presented in the cards. When rereading the transcripts of their interviews, seven 

specific themes were identified; three of those themes were mentioned by parents and 

four by nurses. Recurring themes in the interviews with parents were enhancing bonding 

by the use of a design, receiving their child’s information at a distance (communication 

technology), and improving the appearance of the NICU environment. Recurring themes 
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in the interviews with nurses were practical issues, empowering parents within the 

bonding process, communication technology, and improving the appearance of the NICU 

environment for parents and infants admitted to the NICU. 

Parents: Enhancing bonding by the use of a design 
All parents indicated that they would like to use a design to enhance bonding if that would 

contribute to their child’s health and development. Parents considered it valuable to have 

their heartbeat or voice recorded, their scent absorbed, their temperature used or other 

features transferred to their baby. “During Kangaroo care she can hear my heartbeat, so 

transferring my heartbeat to her is probably a good thing.” Specific benefits for the parents 

were mentioned as well, “Having my child listen to my heartbeat when I am not performing 

Kangaroo care would make me feel empowered.”

Parents: Communication technology (communication at a distance)
In total, seven out of 11 participating parents mentioned that communication devices could 

make them feel stressed. “Even at home everything already revolves around the fact that our 

baby needs to be in the NICU. We do not need to be reminded of that all the time.” Another 

mom stated, “Knowing that my baby is not doing well and not being able to physically be 

with him makes me feel sad.” Nonetheless, nine out of 11 parents expressed their desire 

to know how their child is doing when they are not around. One parent stated the desire 

to see his baby, “It would be nice if you can log on to a system before bedtime to see that 

she is sleeping peacefully.” In addition, another parent would like to be able to respond 

to her baby as well, “Being able to respond to my child at a distance would definitely be 

valuable for me.” Two out of the 11 parents indicated that they would definitely not like to 

use communication devices since this would cause stress and obsessive behaviors. One of 

them mentioned the importance of being physically present, which might be discouraged 

by implementing a communication device. Seven out of the 11 parents were afraid to use 

communication devices at the wrong time, for instance when their infant is sleeping, which 

is disturbing for the child’s development. Furthermore, some parents feared that their child 

would receive too many stimuli, or that their child would associate their communication at 

a distance with stress when communication occurred in a stressful situation. Nine out of the 

11 parents indicated that they would like to have a visual image of their baby additionally 

to other communication technology. 
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Parents: Improving the NICU environment
All parents were open to designs aimed at improving their own as well as their baby’s NICU 

environment to enhance comfort in the NICU, for instance, products that facilitate Kangaroo 

care or products that make the appearance of the room or incubator friendlier. Seven out 

of 11 participants were interested in products that improve comfort during Kangaroo care. 

Parents mentioned that they would like to have more privacy, less cold-stress for their babies 

during transfers, more stability for the baby, and to have a better view of their baby’s face 

while performing Kangaroo care. “Using a mirror while performing Kangaroo care benefits 

bonding since you can see your child and even make eye contact, and that is a very special 

moment.”  Three out of 11 participants mentioned that they are distracted by, or obsessed 

with the monitor. 

Nurses: practical issues
All nurses came up with practical issues regarding designs to enhance bonding, including 

hygiene, washing and ease of use. They explicitly stated that practicality was the one and 

only criterion these designs definitely had to meet. 

Nurses: empowering parents
Almost all nurses (20 out of 23) emphasized the importance of empowering parents within 

the bonding process. The nurses mentioned that parents can actively contribute to their 

baby’s health by being there to comfort and soothe their baby as much as possible, for 

instance by performing Kangaroo care. “Parents are the best at soothing their own baby.” 

All nurses mentioned the latter as a scientific fact. They all feel that babies can benefit from 

being exposed to parental stimuli in their incubator. “It is scientifically proven that parents’ 

scent, sound, heartbeat and warmth have a positive influence on the baby’s development.” 

Nurses: Communication technology (communication at a distance)
Eight out of 23 nurses thought communication devices contradict the philosophy of family 

centered care. Some nurses explicitly stated they were afraid that communication devices 

might create more distance because parents could tend to stay away more often. Ten out 

of 23 nurses were afraid that parents would communicate to their baby at the wrong time. 

According to nurses, communication from parent to child at a distance should only be 

possible at the right time, for instance, communication should not take place during sleep 
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and nursing care. Additionally, 14 of 23 nurses believed that communication devices might 

cause stress for some parents and 11 out of 23 nurses thought communication devices 

would interrupt their workflow. “When parents receive information about their child, but 

do not see what is happening, they are likely to call the NICU. These camera-calls are not 

our priority.” Another nurse added, “Imagine a mother talking to her baby all the time… 

That would drive me crazy!” Furthermore, nurses underlined the importance of ease of use. 

“Using a device should be easy, we are no technicians!” On the other hand, 11 out of 23 

nurses considered visual information from babies to parents both joyful and educational; 

parents would learn about the child’s mimicry and body language.

Nurses: Improving the NICU environment
Ten out of 23 nurses indicated that stress could be reduced by optimal positioning and 

support of a baby’s movement. “If children are supported in their posture, they experience 

less stress.” More than half of the nurses (12 out of 23) believed that product design could 

help to improve Kangaroo care. According to them, it should be investigated how design 

could enable more privacy, security, warmth, or a longer duration of Kangaroo care with 

optimal skin-to-skin and eye contact. “There is nothing like real human contact.” One nurse 

even opted for continuous Kangaroo care. “I think it would be best for the baby when 

parents perform Kangaroo care longer and more frequently, preferably 24 hours a day.”
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Outcomes of the questionnaires
The frequency with which stakeholders chose a certain design differed. Tables 3 and 4 

represent how frequently a particular design-type was chosen, and what the mean scores 

and the specific scores for the design-types were as given by parents (Table 3) and nurses 

(Table 4). A higher score reflects more enthusiasm.  

TABLE 3. Results of the questionnaires filled in by parents
Design-type How frequently 

chosen
Mean score Given scores

Category one

1. Incubator mattress 2 38,5 42, 35

2. Incubator blanket 5 39,4 44, 42, 40, 39, 32

3. Wearables 3 37 42, 36, 33

4. Kangaroo care chair 4 34,5 42, 42, 27, 27

5. Increased privacy - - -

6. Physical appearance 3 36 39, 36, 33

Category two

7. Exposure to sounds - - -

8. Exposure to scents 1 43 43

9. Simulate touch - - -

10. NICU habitat - - -

Category three

11. Advanced incubator 1 45 45

12. NICU updates at home 2 33 42, 24

13. Visual info at home 2 34,5 39,30

14. Consoling at a distance 3 25 44, 19, 12

15. Sounds at a distance 4 29,3 37, 34, 29, 17

16. Monitor screen - - -

17. Parameters and alarms 2 23,5 33, 14

In summary, designs from all three categories (facilitating Kangaroo care, designs using 

parental stimuli and communication devices) were selected during the interviews for 

various reasons. Designs that aimed to facilitate Kangaroo care were considered interesting 

and advantageous by both parents as well as nurses. Communication devices were also 

chosen frequently, but they received high scores (desired) as well as low scores (undesired).    
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TABLE 4. Results of the questionnaires filled in by nurses
Design-type How frequently 

chosen
Mean score Given scores

Category one

1. Incubator mattress 4 32,5 36, 35, 30, 29

2. Incubator blanket 5 36,4 45, 36, 35, 33, 33

3. Wearables 2 42 44, 40

4. Kangaroo care chair 4 35 39, 36, 33, 32

5. Increased privacy - - -

6. Physical appearance - - -

Category two

7. Exposure to sounds - - -

8. Exposure to scents 6 34,3 45, 37, 34, 30, 32, 28

9. Simulate touch 4 35,3 37, 37, 35, 32

10. NICU habitat - - -

Category three

11. Advanced incubator 1 31 31

12. NICU updates at home 7 26,4 36, 32, 31, 28, 21, 20, 17

13. Visual info at home 3 35,7 40, 35, 32

14. Consoling at a distance 4 28,3 33, 30, 29, 21

15. Sounds at a distance 8 31,1 36, 35, 34, 32, 32, 31, 25, 24

16. Monitor screen - - -

17. Parameters and alarms 4 18,8 24, 21, 17, 13

Design recommendations & design opportunities 
The literature search and interview analyses resulted in the following design recommendations 

and opportunities: 

Design recommendations
• The design should directly or indirectly support parent-infant bonding. 

• The design must be safe.

• The design must be hygienic and easily cleanable.

• The design should not interfere with the workflow of the nurses and therefore should 

not require complex knowledge of technology.
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• It should be minimally stressful to apply or implement the intervention for nurses, 

infants and parents. 

• The intervention should empower parents, allowing and motivating them to 

contribute actively to the well-being of their child.

• It should be optional to use (certain features of) the device, instead of required, i.e. 

it should be possible to switch off (certain features of) the device at any time. 

• Communication devices must not interfere with infant development. 

• Communication devices should be adjustable to the individual needs of infants and 

parents. 

Design opportunities
• Improve interaction between parent and infant, preferably develop designs that are 

tailor made, i.e. suitable for the individual preferences of each parent and infant for 

all parent-infant interactions (for instance during Kangaroo care). 

• Facilitate appropriately timed communication at a distance. 

• Use design to minimize infant stress and empower parents, for instance an 

unobtrusive monitoring design which reduces stress and the number of wires, 

enabling parents to perform transfers from the incubator to their chest independently.

• Improve the parent-infant interaction using the monitor, instead of having the 

monitor cause distraction. 

• Find ways to provide more privacy, security or warmth during Kangaroo care, 

or enable a longer duration of Kangaroo care with optimal skin-to-skin and eye 

contact.   

• Use design to increase parental involvement in the bonding process, in line with 

the philosophy of family centered care, e.g. an app to capture and emphasize joyful 

moments during a NICU stay.  

DISCUSSION

The current study provides design recommendations and design opportunities to enhance 

parent-infant bonding in NICUs. Existing designs were identified with a literature search and 

used as a topic for interviews with stakeholders. In total, 17 design-types were identified and 
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11 parents and 23 nurses were interviewed about these designs. Both stakeholder groups 

reported different recurring themes in the interviews. 

All parents indicated that they would like to use a design to enhance bonding if that 

would contribute to their child’s health and development. All nurses mentioned practicality 

as a requirement; designs should be hygienic, properly washable and easy to use. Most 

nurses emphasized the importance of empowering parents within the bonding process. 

Furthermore, for both parents and nurses, the most valuable way to enhance bonding 

seemed to be designs to improve Kangaroo care. Indeed, Kangaroo care has been described 

as one of the most effective treatments for the health and well-being of both preterm infants 

and parents, and the most natural intervention leading to improved regulation, and therefore 

bonding 2,6–8,12. Additionally, studies have shown that exposure to maternal sounds and 

music therapy improve the weight gain of preterm infants 13. Moreover, such stimuli have 

a favorable effect on respiratory rate 14 and they facilitate parent-infant attachment 15. Also, 

exposure to maternal or parental odors possibly has a positive effect on both stress reduction 

as well as the comfort of babies admitted to the NICU 10. Designs employing (some of) these 

features may thus be helpful for enhancing parent-infant bonding in NICUs, as was also 

demonstrated by our literature search and the conducted interviews. 

This study showed less consensus about communication technologies. Parents as 

well as nurses expressed contrasting thoughts regarding those. Some considered these 

technologies promising and stated they would be willing to use them. Others merely saw 

hazards when using communication technologies in NICUs, including increased stress, 

obsessive behaviors and possible interference with the babies’ development and the nurses’ 

workflow. This is in agreement with literature; parents emphasize the importance of constant 

information and state that they want to know what is going on, but information from within 

the noisy, crowded NICU environment with its monitors and alarms can also be a source of 

distress 16. These findings, gathered in both the literature search and interviews, were used to 

provide an overview of design recommendations and opportunities as an inspirational tool 

for designers. However, the study does have limitations worth mentioning. 

Each participant was allowed to choose the laminated cards he or she considered 

interesting, but the use of existing designs may have imparted bias nonetheless. Another 

limitation might be the fact that the study captures broad recommendations instead of 

concrete or specific recommendations. The reason for this is that the variety in interview 

outcomes in our study clearly showed that the challenge for designers lies in creating a 
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device that can be adjusted per individual and from moment to moment, to be able to 

satisfy all stakeholders. Especially since these heterogeneous outcomes were obtained in 

a homogeneous group. All participants were habituated in the same region and admitted 

to, or working in, the same hospital, which already has a strong focus on parent-infant 

bonding. This potentially reduces generalizability of the results. However, participants did 

differ with regard to their family settings and whereabouts. For instance, for some parents 

this was their first baby, whereas other parents already had children, and some parents were 

rooming in, whereas other parents stayed in the Ronald McDonalds house or at home. 

Despite that, it would be interesting to repeat the study in a more heterogeneous population, 

including multiethnic groups with widely diverse socioeconomic standings. Moreover, in 

the longer term, user tests including prototypes will be required in order to gain insights into 

the value and effectiveness of devices designed according to the design recommendations 

and opportunities. 

Future implications 
This study demonstrates that designs could be used to improve parent-infant bonding in 

NICUs according to both nurses and parents. For instance, bonding might be improved by 

a design facilitating parents to leave something personal inside the incubator, or a design 

changing the incubator from a barrier into a temperature-regulating tool that additionally 

invites parents for well-timed interaction with their child. In addition, based on our results, 

enabling parents to continuously see their baby’s face easily during Kangaroo care would 

also enhance bonding. Also, some parents might want the opportunity to communicate with 

their child at a distance, which could be achieved by a telephone app. Such an app could 

allow parents to receive a visual image of their baby and send their voice and heartbeat 

live to the NICU at appropriate times. Finally, some broader steps could be taken, such as 

codifying recommendations for product design for NICUs via the Standards for Newborn 

ICU design 17. The Standards for Newborn ICU Design contains recommended standards 

with respect to family space, hand hygiene, lighting and other aspects of NICU design. 

Implementing recommendations for product design to enhance parent-infant bonding may 

be relevant in the future.
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CONCLUSION

Bonding is essential for preterm infants and their parents, but it is impaired during a 

NICU stay. We investigated the perspectives of parents and nurses about existing products 

designed to enhance bonding, and their desires for future products. Using a semi-structured 

interview, we identified nine recommendations and six opportunities that can be used as an 

inspirational tool for people who want to design to enhance bonding. All parents indicated 

that they would like to use a design to enhance bonding if that would benefit their infant’s 

development. 

APPENDIX

Additional note: Product names are removed in this paper at the request of the HERD 

journal. However, to complete the overview of strategies and technologies aimed at 

enhancing bonding provided in this thesis, references 18 to 25 are added in this appendix. 

These references involve all devices used in this study, but not mentioned elsewhere in 

this thesis. These are devices not (yet) indexed in medical search engines and therefore not 

identified in the automated PubMed search: Palcom 18, Ookie 19, Zaky 20, Babybloom 21, 

Baboo 22, BabyWatch 23, FamilyArizing 24, Voices of Life 25, and Close-to-you 26.
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WORD OF THANKS – DANKWOORD

Een heus gewetensdilemma. Aan de ene kant voel ik dat woorden te kort schieten, aan de 

andere kant heb ik al jaren het ‘te-lange-Sinterklaasgedichten-imago’ waar ik maar niet 

vanaf kom. Maar jullie kunnen me wat, te lange Sinterklaasgedichten bestaan niet hè Eline? 

Bovendien beperk ik me al ongeveer een decennium tot maximaal anderhalf kantje, met 

om de twee regels een witregel mind you en desondanks houd ik de schijn tegen. Mijn 

besluit is dus genomen: inhouden ga ik me niet. De trots én dankbaarheid die ik voel omdat 

het me mijns inziens gelukt is om in dit proefschrift alles wat ik op wilde schrijven ook 

daadwerkelijk op te schrijven, zonder te uitgebreid te zijn, ga ik nu lekker uitgebreid onder 

woorden brengen. Dat was namelijk nooit mogelijk geweest zonder de geweldige hulp van 

een grote groep mensen om mij heen. 

Allereerst alle ouders en kinderen die ik in de afgelopen jaren heb mogen leren kennen 

en / of die mee hebben gedaan aan een van onze onderzoeken. Ontzettend bedankt! 

Verschillende families hebben zelfs aan meerdere onderzoeken meegewerkt, zijn voor ons 

op televisie geweest, hebben mij met hun kind op de foto gezet, gevraagd of ik in het 

dagboek wilde schrijven, kortom, hebben mij kortstondig openhartig verwelkomd in hun 

gezin, terwijl zij zich in een uitermate stressvolle periode bevonden. Jullie hebben mijn 

leven op een onbeschrijflijke wijze, onvergetelijk en onmetelijk verrijkt en daarvoor ben ik 

jullie geweldig dankbaar. 

Iemand die ik ook geweldig dankbaar ben, is prof. dr. Bambang Oetomo. Ofwel heel 

veelzeggend, vanaf dag één, gewoon Sidarto. Superlatieven schieten te kort. Gelukkig weet 

ik dat ik ze ook niet nodig heb om uit te drukken hoe bijzonder ik onze samenwerking heb 

ervaren. Een fijnere begeleider kan ik me niet voorstellen. Jouw expertise, enthousiasme, 

humor en vriendelijkheid zijn een onevenaarbare motivator voor mij geweest. Ik kijk uit naar 

onze nieuwe projecten, maar zeker niet minder naar toekomstige etentjes, smartlappen en 

bijvoorbeeld een biertje bij Guus Meeuwis…? En wat dat betreft niet te vergeten: Caty ook 

bedankt! Voor die etentjes, maar vooral ook voor de bij elke ontmoeting door mij ontvangen 

warmte, gezelligheid en interesse in ons project. En natuurlijk voor het uitlenen van Sidarto, 

zelfs als ik hem ’s avonds nodig had en we dus weer eens zaten te appen.
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Dr. Andriessen, Peter, mijn andere enorm toegankelijke steunpilaar, ook héél erg bedankt! 

Ik heb veel geleerd van jouw scherpe inbreng en vermogen om dingen vanuit verschillende 

perspectieven te bekijken. Jouw kracht om vervolgens het meest ‘sexy’ perspectief te 

belichten heeft ons project mijns inziens zeer veel opgeleverd. Zonder jouw prettige portie 

daadkracht had ik nu niet gestaan waar ik sta. 

Prof. dr. Oei, beste Guid, dat laatste geldt ook zeker voor jou, met wie het allemaal 

begonnen is. Ik ben heel dankbaar dat ik heb kunnen profiteren van jouw netwerk-skills en 

goede neus om de juiste mensen bij elkaar te brengen. Ik vond het leuk om jouw andere, 

gynaecologische kijk op mijn project te ervaren. Als ik aan jou denk, denk ik aan FUN-

meetings, waarmee je jou volgens mij ten voeten uit kunt omschrijven. Een (hard)lopende 

kweekvijver voor nieuwe ideeën, die bruist van energie en bol staat van wetenschappelijke 

ervaring. Het is een eer om de gastvrijheid van jou en Nanette mee te mogen maken, evenals 

de twinkeling in jouw ogen als er interessante dingen worden gepresenteerd, of succes van 

een van je pupillen aan de horizon lonkt. Een proefschrift bijvoorbeeld. Guid en Nanette, 

bedankt!

Brengt mij bij de leden van de beoordelingscommissie. Beste prof. dr. ir. Brombacher, prof. 

dr. ir. Feijs, prof. dr. Bongers, prof. dr. Reiss, and dear prof. dr. Browne, I want to thank you 

all very much for partaking in my committee; for your critical appraisal of my manuscript 

and for the time and effort spent by you prior to and during the day of my defense. 

 

Dear Joy, apart from thanking you for being a committee member, I would also like to 

thank you for inspiring me ever since I started working on this project. Both the things you 

said about co-regulation, as well as your engaging personality have greatly impressed me 

during your lecture that I attended in 2013 and have continued to impress me during our 

subsequent encounters at the Gravens conference. I feel incredibly honored that you will be 

there during my defense. 

Beste Loe, ook jou wil ik graag extra bedanken. Als je als medicus werkzaam bent aan een 

technische universiteit, komt het namelijk buitengewoon van pas als er een technisch zeer 

onderlegd persoon bereid is om zo nu en dan zijn kijk op de zaak te geven zoals jij vanaf 

het begin af aan hebt gedaan. 
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En dan in het bijzonder, prof. dr. Bongers, lieve Marlies, waar moet ik beginnen? Ik vind 

het grandioos om mijn project af te sluiten met jouw wetenschappelijke oordeel. Je slimme, 

sprankelende persoonlijkheid intrigeert mij al jaren en ik ben er dan ook dolblij mee dat jij 

op jouw beurt van mij dacht dat ik “eens kennis moest maken met Guid, want fundamenteel 

onderzoek doen zou precies bij mij passen”. Ongelofelijk bedankt! Het behoeft verder geen 

uitleg denk ik: ik vind je fantastisch. 

Alle verpleegkundigen die mijn onderzoek mogelijk hebben gemaakt: jullie vind ik ook 

fantastisch! Maar niet alleen om de hulp die jullie mij geboden hebben hoor, oh nee. Het 

plezier dat jullie me gebracht hebben is zo mogelijk van nog grotere waarde. Ik had het 

voor geen goud willen missen om onderdeel van jullie meubilair te zijn. Enkelen van jullie 

wil ik graag – zonder namen te noemen – uitdrukkelijk bedanken. In de eerste plaats voor 

hele goede gesprekken, maar bijvoorbeeld ook voor het verzorgen van mijn moeder in 

haar kraamtijd (hoe toevallig!), het vervangen van batterijen in mijn afwezigheid, voor het 

meezoeken naar studiekandidaten (zelfs als ik op vakantie was!), voor het opbellen na een 

stroomstoring, of gewoon vanwege een absoluut bovengemiddelde betrokkenheid of een 

onvergetelijke dosis humor. 

Heidi, Desiree, Tinneke en Marieke, toppers, jullie vooral ook bedankt voor de 

organisatorische assistentie. Was anders ontegenzeglijk een heel grote uitdaging geworden. 

En dan mijn heuse verlengstukken op de afdelingen. Astrid. Goh, wat wil ik jou vanuit 

de grond van mijn hart bedanken. Van begin tot eind mijn vraagbaak, regelneef en 

sparringpartner in één. Eindeloos geduldig en vol goede ideeën. Ik had het nooit zonder 

jou gekund. 

Floor, je lijkt wel altijd vrolijk en je bent ongekend attent. Ik kan me dan ook geen leukere 

en betere ‘coördinator’ wensen, want niet alleen vraag je nog elke keer als we elkaar zien 

naar mijn nichtje waar je voor hebt gezorgd, maar er gaat ook geen tweeling ongemerkt aan 

jouw neus voorbij. 

En natuurlijk Sabieeeeeeeeeen! Om met een kanjerknaller af te sluiten. Wat een hart voor de 

zaak en wat heb jij mij weergaloos geholpen. (Bijna) niks is jou te gek. Wat ben ik blij dat 
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ik jou heb leren kennen. Uiteraard door je tomeloze inzet voor mijn studies, maar nog meer 

omdat Maikel zo goed kan barbecueën en ik zeer van Oktoberfesten houd. 

Samenvattend: ik ben heel content met mijn contractverlenging en kijk uit naar de volgende 

gelegenheid om mijn kersttrui te dragen, friet te halen, luiers te wegen, balletje-balletje 

te spelen en jullie te ‘helpen’ bij drukte in de zorg door kinderen te ondersteunen tijdens 

stressvolle momenten. Dat laatste is met stip de bijzonderste ervaring van de afgelopen 

jaren. Maar er zijn ook veel alledaagsere momenten die bijdragen aan de blijdschap rondom 

mijn contractverlenging. Zomaar op een willekeurige dag ‘n kop thee met melk drinken met 

Rohan bijvoorbeeld. Tea is like an inner hug right?  

Rohan, my best non-Dutch friend and work husband. Dat klopt. Thanks for everything. 

Our smooth collaboration, but also the good times, the meals you cook and the great 

conversations. In other words, the food for thought. The drinks for what not, the laughter, 

your own sweetness and the sweetness of your chocolate dessert. I think I could write 

an entire page about our adventures so far, and about the ones I am looking forward to. 

However, since I know how you feel about my ‘occasional’ verboseness I limit myself to 

saying: the team of you and me is meant to be. 

En datzelfde geldt voor jou Sophie; bij Rohan sta jij dan ook bekend als ‘my Tilburg-project 

Rohan’. Slechts voor één artikel echt samengewerkt, maar in raad en daad heb jij mij vanaf 

het prille begin bij minstens ‘n miljoen tussendoordingen bijgestaan en dat leek je niet eens 

vervelend te vinden ook nog. Wellicht omdat wij samen ijzersterk zijn in het combineren 

van een borreltje nuttig met een groot glas aangenaam. Wat een klik! Ik proost op onze 

vriendschap, die voelt alsof ‘ie al jaren bestaat. Je bent voor mij een maatje om in te lijsten. 

Alle andere HAPPY-collega’s en mensen die de HAPPY studie mogelijk hebben gemaakt, 

in het bijzonder natuurlijk prof. dr. Pop, beste Victor, ontzettend bedankt! Bedankt voor je 

immense gedrevenheid, je doortastendheid en je duidelijke feedback. Een professor die 

je de mogelijkheid biedt om met een enorme dataset te werken en die dan ook nog eens 

zo geïnteresseerd meedenkt en zoveel tijd vrijmaakt dat hij je zelfs op gezellige middagen 

in Riethoven vooruit wil helpen, zo’n professor wil iedere promovendus wel tegenkomen 

gedurende z’n project!
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Ivon, Carola, Kiki en Myrthe, bedankt voor de super leuke tijden, ik kijk uit naar ons 

volgende etentje!

Beatrijs, Carlijn, Olenka, Kirsten, Kim, Lauren, Guy, Pieter, Judith en alle andere fijne FUN-

collega’s, bedankt voor de adoptie van mij in jullie groep en voor de (letterlijk) heerlijke, 

ontspannen avonden! 

Collega’s van Industrial Design, ook al schitterde ik vaak in afwezigheid en werd ik door 

Frank – ik vond het zelf liefkozend – vreemdeling genoemd, ik heb het als heel bijzonder 

ervaren om een voor mij zo onbekende wereld van dichtbij mee te mogen maken. Bedankt 

allemaal! Mark, Idowu en Sabine, jullie al helemaal bedankt, Mark voor het tolereren van 

zo’n spookachtige kamergenoot, Idowu for sticking with me from start to end en Sabine voor 

de gezelligheid en alle administratieve ellende die je tussendoor geregeld voor mij op moest 

lossen. En dan Misha. Dankzij jou heb ik de TU/e in mijn eerste jaar, inclusief aardappel 

gun en wanddecoratie van jouw hand, haast ervaren als een magische toverschool en dat is 

een groot compliment van een groot Harry Potter fan. Een goed begin is het halve werk, ik 

heb dan ook heel veel aan jou te danken en ben ‘kei’ blij dat we elkaar niet uit het oog zijn 

verloren. Ellen Konijnenberg and Wei Chen, you two too both a big thanks for your help in 

my first year.  

Een opsomming van anderen die ik wil bedanken: Alle medewerkers van het Vrouw Moeder 

Kind centrum die mij op enige wijze hebben geholpen gedurende mijn project, waaronder 

natuurlijk alle neonatologen, gynaecologen en arts-assistenten (Rob alvast bedankt voor 

het organiseren van de ski trip!), Petra, Heidi, CJ en Daniëlle, alle SenS! medewerkers, 

Brigit en Adriaan, onze lieve lactatiekundigen Trees en Moniek, Sandra en Carmen voor 

de gezelligheid en het delen van jullie geweldige lach en alle secretaresses omdat ze altijd 

voor mij klaar stonden, in het bijzonder Inge, Monic en Alysette, super bedankt! Maar ook 

Freek, bedankt voor alle hulp en je grote enthousiasme voor mijn project en Michela vast 

bedankt voor de toekomstige hulp. Andere nog niet genoemde collega’s van het Máxima 

en de TU/e zonder wie ik het niet had gekund, zoals de helden-als-alles-vastloopt van 

ICT, Maartje Mulder van bureau PenP, PROOF-docenten en aanverwanten als Monique 

Greve, Saskia van Meurs en Michael Gould, medewerkers van de Strategic Health Area, de 

Promovendiclub, Jarno, Twan en anderen van MIT, Bart en Eugenie van het KIC, mensen van 



Word of thanks – Dankwoord

309

inkoop en bestellingen, mensen van de linnenservice waar ik heb mogen printen en strijken 

en die me bovendien kwamen redden als mijn uniform vastzat, Yolanda en Anke van de 

METC, assistenten bij de TU/e Repro service en medewerkers van de MMC huisdrukkerij 

en iedereen van Studio en communicatie, met name Marijke Bax en Monique de Jong: 

bedankt! Tot slot een special thanks to alle studenten waar ik mee heb gewerkt en alle 

laboratorium medewerkers waar ik zo geweldig door ben ontvangen en geholpen. En als ik 

het over het lab heb, dan denk ik natuurlijk voornamelijk aan dr. Maarten Broeren. 

Maarten, wat ben jij een fijn persoon om mee samen te werken. Je voelde voor mij echt als 

een mentor. Je was mijn wandelende encyclopedie en de zeldzame keer dat je dacht iets 

niet helemaal zeker te weten, heb je alle tijd genomen om het voor mij op te zoeken. Zonder 

eigenbelang zette je je regelmatig in voor mijn project en waar anderen daar misschien van 

zouden balen, deed jij dit nog met een altijd opgewekt humeur ook. Wat ‘n super leuke vent 

ben jij! Bedankt voor alles!

Jeanne, ook jij stond altijd voor mij klaar om met eindeloos geduld advies te geven over 

studie designs en statistische hersenbrekers. Ik heb onze gesprekken altijd als buitengewoon 

prettig ervaren. Ik weet je dan ook zeker weer te vinden bij toekomstige vraagstukken. Ook 

Mila en andere medewerkers van het Wetenschapsbureau bedankt voor de altijd snelle en 

adequate hulp!

En dan die andere toppers in de buurt van route 275, de klinisch fysici en kornuiten. Wat 

een plezierige groep om mee te lunchen, dineren en escapen. Wat leuk dat ik me daar 

onderdeel van mag voelen! Ook omdat ik daardoor jou heb leren kennen Thomas, zo’n 

intens slim, open en bijzonder persoon. Ik geniet van de 1001 vragen die je me stelt en de 

avonden dat Rohan, jij en ik samen biertjes proeven en filosoferen over andere werelden. 

Bedankt daarvoor! Maar vooral ook bedankt Carola, voor het opnemen van mij in jullie 

groep en voor al je andere inbreng in mijn project. Want laat je door de plaats van dezen of 

genen in dit dankwoord niks wijsmaken over hun aandeel in dit proefschrift. 

Carola, zonder jou had alles er namelijk heel anders uitgezien! Jouw technisch perspectief, 

hulp bij de goedkeuring van producten en bijdrage aan brainstormsessies, laat staan jouw 

beheren van de MMC data-infrastructuur zijn voor mij onmisbare elementen geweest om 
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tot dit eindresultaat te komen. Het geduld dat jij op moet kunnen brengen om sommige 

uiterst gecompliceerde problemen op te lossen en het feit dat je bereid bent dat te doen om 

ons onderzoek vooruit te helpen wordt enorm gewaardeerd. Naast Maarten ben ook jij een 

mentor voor mij geweest de afgelopen jaren en gelukkig ook weer de komende jaren. Zo’n 

constructieve, toegankelijke, empathische en opgewekte begeleider, dat gun ik iedereen! 

Super bedankt!

Hoe het kan dat ik bij zoveel verschillende groepen hoor? Omdat ik werkzaam ben binnen 

het samenwerkingsverband IMPULS. Als laatste wil ik dan ook alle nog niet genoemde 

IMPULS partijen, collega’s en bestuurders heel hartelijk danken, zoals Eva Deckers en 

prof. dr. Bergmans. Zonder dit samenwerkingsprogramma tussen industrie, academie en 

gezondheidszorg was mijn project überhaupt niet mogelijk geweest. Met de Perinatale 

IMPuls groep hebben we enkele mooie avonden beleefd tijdens de zogeheten PIMP-

meetings. Mede PIMP’ers bedankt en Janne, bedankt voor de organisatie! Daarnaast ook 

iedereen van de Neonatale Impuls groep bedankt voor de soms zeer nuttige feedback en 

Philips, bedankt natuurlijk voor de Sport Vereniging en de bijdrage aan de stad Eindhoven, 

maar vooral ook voor de betrokkenheid bij mijn project via onder anderen Vanessa Sattele, 

Louis Atallah, Aline Serteyn en Jan Werth, danke sehr. 

Wat een hoop collega’s. Precies de reden dat ik het gevoel heb dat mijn baan me echt 

past als een jas. Maar zonder heerlijk thuisfront zou dat natuurlijk nooit het geval hebben 

kunnen zijn. Dus vergeef mij dat ik degenen die dat thuisfront vormen ook achtereenvolgens 

wil bedanken. 

Lieve vrienden, vriendinnen, kennissen en familieleden, bedankt voor alles wat was en wat 

komen gaat. 

Dan iets specifieker. Bijvoorbeeld: Grote dank aan al mijn ex-teamies, die al zolang ik me 

kan heugen een ongelofelijk belangrijke rol in mijn leven spelen en dat altijd zullen blijven 

doen, in het bijzonder Lot (alias Charly), An, Tet, Rais, Deb, Caat, Ireen, Pleuna, Pilske, 

Rosan, Willy en of course 3x van Dessel, wat een herinneringen en wat een vooruitzichten! 

Hetzelfde geldt voor een wat jongere hockeygarde en hun ouders die een plekje in mijn 



Word of thanks – Dankwoord

311

hart hebben verworven, fam. van Diessen, de Wit en Post, Ulla, Eva, Loes en Inge: ik zeg 

goale moake! 

Mijn met stip favoriete groep 1e en 2e generatie leukerds om een dagje mee weg te gaan uit 

de ‘Dagje weg’ app, waarmee het maar nooit meer lijkt te lukken om een hele dag weg te 

plannen. Of toch wel...? Ach, het gaat niet om kwantiteit, het gaat om kwaliteit. En laten wij 

daar nou net best wel in uitblinken… 

Bonusvrienden, waarmee ik bedoel díe vrienden, neven of nichten van je ouders, broers 

of zussen die voor jou dus echt een bonus zijn. Maarten, jij zou je misschien niet direct 

aangesproken voelen, maar wij hebben het zo fantastisch in ons door jou mogelijk gemaakte 

huis, da’s bijvoorbeeld echt een bonus! Bedankt!

Dan mijn vorige huis… Griftkaders, sinjoor Griftkade en anderen die mijn studietijd tot een 

briljante periode hebben gemaakt. Mijn herinneringen aan onze magnifieke gesprekken, 

meneer tafel, de tribune, Entourage, kip madras, Sinterklaas en wat al niet meer vallen in 

de categorie allerdierbaarst. Jullie komen dan ook nooit meer van mij af! Liek, een eervolle 

vermelding voor jou, want wat hebben we het leuk gehad. Coschappen en al. En dus ook 

voor Rens, want hoe fantastisch. Bedankt!

M’n gouwe ouwen, die ik al ken sinds ik net kon lopen – of zoiets – en die ik nog steeds tot 

mijn allerbeste maatjes mag rekenen, Lies, San, op de trap, in de straat, in de kroeg of in een 

andere stad, you feel like home. 

Ollie. Een tomaat is geen tomaat als je hem niet kan pellen. Miss you forever. 

Roel, lopen kon ik in de brugklas natuurlijk echt al wel even, maar toch ben jij voor mij 

ook echt een gouwe ouwe. Harry Potter, een ansichtkaart en het strand van Scheveningen; 

een paar van de herinneringen aan jou die ik nooit zal vergeten, mede dankzij het feit dat 

we ook nog altijd nieuwe herinneringen maken (en ansichtkaarten sturen). Daarvoor ben ik 

waanzinnig dankbaar. 
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Bart, Suus en Lisan, hè hè, er zijn er gelukkig toch ook een paar met mij in Eindhoven 

komen wonen. Thanks! Char, jou ga ik net niet meetellen als woonachtig in Eindhoven, 

maar wel als gouwe ouwe. Hoe leuk is alles gelopen? Life is like a box of chocolates. Jij 

en Tina bedankt voor alle schöne Erlebnissen und Tanzen tot nu toe en moge er nog vele 

bijkomen, proost!

Den! Oud zeker niet, maar zeg ik proost, dansen en Eindhoven, dan zeg ik Dennis. Ik heb 

een giga fotolijst in de woonkamer hangen gevuld met meesterlijke pretfoto’s van jou en mij 

om het te bewijzen. En daar gaan we het mooi niet bij laten…

Iets wat ik ook tegen jou wil zeggen Ewoud. Een nieuwe grote vriend. Ik vind je bijzonder. 

Bijzonder vond ik ook onze gesprekken over geur, een prikkel die een belangrijke plaats 

inneemt in dit proefschrift, in jouw leven en inmiddels ook in het leven van Wil. Wil, 

bedankt voor de vele overnachtingen en onmeetbare gastvrijheid in Hotel Jasmijnstraat, 

waar jij samenwoont met mijn twee handen op één buik. 

Eli, samen een marathon aan films gekeken, (str*fc*rn*rs getraind…), liedjes geschreven, 

duiken genomen, spelletjes gespeeld, dansjes gewaagd, drankjes gedronken, maar zeker 

niet gekookt. Dat wordt ronduit overschat. Thanks for being you. Ik kan niet wachten om de 

kleine you te ontmoeten! KOJP en PS. I love you. Jij voelt als familie. Bonusfamilie. Je hebt 

van die mensen. 

Want bonusfamilie is ook Juut, Bas, Suus en ’n bietje Bennie en Ine als ik ze soms mag 

lenen. Ien, bedankt voor de leuke middagen samen knutselen. Love you guys. 

Maar mijn mater bonus familias is Tie. Voor mij ben je de liefste van de liefsten. Ik heb 

er geen woorden voor. Gelet op de inhoud van dit boek mag ik toch wel zeggen dat jij, 

met je bijdrage aan de geweldigste early life experiences die een mens kan hebben, mij 

grotendeels hebt gemaakt tot wie ik ben. Nog steeds een beetje de bouwvakker van toen, 

nog steeds stapelgek op jou. 

 

Gek op mijn schoonfamilie ook. Oma Gerrie, bedankt voor alle lieve woorden en de 

warmte die u uitstraalt naar ons. Maar ook alle ooms, tantes, neven, nichten, aanhang en 
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next generation neefjes en nichtjes voor wie soms het leven te vroeg begon, maar nu één 

groot avontuur is: bedankt voor de warme ontvangst. En in het bijzonder natuurlijk Dick, 

Noor en Tom, jullie zijn ‘n schoonfamilie uit duizenden, bedankt! Ik wil jullie himmel nooit 

nie meer ruilen en that’s what (Family) Matters. Ook super bedankt voor die nieuwe groeps-

app Noor, hulde. 

En dan heb ik ook nog vier niet geringe eigen families in de nagenoeg traditionele zin. Geloof 

maar dat ik mijn zegeningen vaak tel. Lieve ooms, tantes, neven, nichten en alle andere 

Beurdies en Langenhuizen, Kommersen en Brunschotten, bedankt voor alle geweldige 

momenten. Ik kijk uit naar de volgende familiedagen, kerstdiners, verjaardagen, of tripjes 

naar de Ardennen. Lieve oma van Beurden en opa en oma Langenhuizen, bedankt voor de 

leuke gesprekken en jullie interesse in mij en in mijn onderzoek. 

Brengt mij bij het onbeschrijflijk fantastische gezin‘netje’ waar ik uit kom. Het hele zwikkie 

aan broers, zussen, aanhang en koters, samen meer dan voldoende voor een elftal. Jullie 

zijn stuk voor stuk goud waard. I love you to the moon and back. 

Lieve Martijn, jou wil ik graag specifiek bedanken voor je bodemloze enthousiasme en 

geïnteresseerde meedenken; er is mogelijk niemand (oké moeders tellen niet) die meer 

gelooft in mij dan jij. Wie weet zal onze droom ooit ‘n keer in vervulling gaan…

 

Lieve pap en Peet, bedankt voor de verrijking van mijn leven met jullie heerlijke no-nonsense 

huishouden. Hoe leuk om de verjaardag van Marie, wanneer het ook maar even kan, met 

z’n allen in Peyre te vieren. En pap, we hebben elkaar natuurlijk aardig uitgedaagd in ‘t 

verleden en misschien zullen we elkaars signalen wel nooit helemaal meteen vlekkeloos 

aanvoelen, maar laat er geen twijfel over bestaan hoe trots ik ben dat jij mijn pappa bent. 

Lieve Beepie en Giano, bedankt voor het onverwoestbare fundament, het vrachtschip aan 

luchtigheid en de onvoorwaardelijke liefde die jullie mij als voorbeeld hebben gesteld. Zelfs 

als dat betekende dat jullie mij om het kwartier gerust moesten komen stellen. Mam, dit 

boekje is voor jou, omdat jij degene bent die alles wat erin staat al wist voordat ik het zelf 

had opgeschreven. Ik zit in je broekzak. 
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Lieve Kiek, wat maak je me blij, elke dag opnieuw. Zo open en ontwapenend, zo oplettend 

en zo puur. Als ik denk dat ik jou niet nóg leuker kan vinden, dan verras je me alsnog. Met 

gemeenschappelijke delers als de liefde voor sport, de noodzaak tot luieren en de wat ons 

betreft geestigste humor en het allerbeste dag-nachtritme ter wereld ben jij zonder twijfel 

mijn ‘lobster’. Omdat ‘ik leef niet in een wereld zonder jou’ minder goed klinkt op papier 

dan als het uit volle borst door ons wordt meegezongen (want dan klinkt het wél heel goed) 

zeg ik: ik ben stapel op jou, als geen ander! Jij bent alles in één. 

En tot slot, mijn paranimfen, Wout en Soof, wat voel ik mij onaantastbaar met jullie aan mijn 

zijde. Twee personen die rust en kracht uitstralen. Lieve Wout, een eer dat ik jouw paranimf 

mocht zijn, een eer dat je mijn paranimf bent. Sinds jaar één Geneeskunde een gouden 

combinatie van frikandellen op de barbecue met shockwave therapie als toetje. Wij weten 

waar het om draait in het leven. Vinden we zelf althans. Kortom jij, Sanne en Philip, ik had 

het niet beter kunnen bedenken. 

Lieve Soof. Geen toeval dat ik jou voor het laatst bewaar. Mijn grootste zus en beste maatje. 

Een betere was voor mij niet mogelijk geweest. Eén blik, nul woorden. Jij bént ik – en ik ben 

jij. You rock my world.

God forbid dat ik nu nog mensen vergeten ben. Toch zal dat laatste ongetwijfeld het geval 

zijn. Maar als ik daar dan spijt van heb, dan weet ik zeker dat het niks zegt over hoe 

dankbaar ik je ben, maar alles zegt over hoe moeilijk het voor het menselijk brein is om niet 

in herhaling te vallen als ‘ie eigenlijk probeert vernieuwend te denken. Desalniettemin ben 

ik dankbaar voor de werking van ons brein en de rest van ons lichaam; hoe het geheel in 

elkaar steekt om van de mens het slimste, maar – in principe – ook het meest sociale dier 

ter wereld te maken. Want zonder die eigenschappen, was dit boek niet tot stand gekomen. 
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titled ‘Prematurity and the Physiology of Bonding’. Currently, 
Deedee is still studying prematurity as a postdoctoral 
researcher at TU/e, while also working as an independent 
consultant for projects aimed at enhancing health care from 
a bonding perspective.
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