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The effects of nurse-delivered caregiving in the neonatal setting: An integrative review  

ABSTRACT 

Infants hospitalised in neonatal intensive care units require interventions for lifesaving care and to 

meet basic human needs. Evidence that stress influences neurodevelopment suggests the effects of 

caregiving in the neonatal intensive care unit (NICU) warrant further investigation to assess links 

with infant developmental outcomes. This review explores the effects of nurse-delivered caregiving 

in the NICU on infant physiological and behavioural responses, and longer-term developmental 

outcomes (behaviour and temperament). CINHAL, MEDLINE and PsychINFO were systematically 

searched for studies in peer-reviewed journals related to nurse-delivered caregiving and 

developmental outcomes. Synthesis of the literature identified altered physiological and behavioural 

responses as immediate effects of caregiving in neonatal settings, and non-optimal developmental 

outcomes. Results indicate that caregiving is not innocuous. Yet, little is known about nurses’ 

perceptions of the effects of caregiving. Identifying the care components that influence 

development is essential to minimise the potentially adverse impact of the NICU experience on 

infants and families. 

Key words:  nurse-delivered caregiving; neonatal intensive care; physiological responses; 

behavioural responses; temperament; infant development; behavioural outcomes  
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INTRODUCTION 

It has been well-established that stress and trauma in the first 1000 days of post-conceptual life can 

have adverse lifelong effects (D'Agata et al., 2017; Linnér and Almgren, 2020). Lifesaving and routine 

caregiving in the neonatal intensive care unit (NICU) occur during a period of sensitive, rapid and 

critical brain development. Despite the best intentions, the NICU environment cannot replicate the 

intrauterine experience, instead offering a ‘sub-optimal’ environment with infants subsequently 

vulnerable to brain injury and maldevelopment (Cheong et al., 2020). Increasingly, the influences of 

the early environment and biological and social factors are being explored as potential mediators for 

preterm infants’ developmental outcomes (Burnett et al., 2018; Cheong et al., 2020). Exposure to 

the hospital environment, noise, pain, and disrupted parenting are suggested as affecting long-term 

neurodevelopment and  areas that require a stronger research focus (Cheong et al., 2020).  Because 

developmentally-supportive caregiving in the NICU addresses these factors, it may positively 

influence long-term health and developmental outcomes (Lean et al., 2018; McAnulty et al., 2010; 

O'Reilly et al., 2020; Robinson et al., 2020; Wolke et al., 2019) and therefore, warrants further 

investigation.  

 

The concept of ‘developmentally-supportive care’, also referred to as ‘developmental care’, focuses 

on the infant and family; providing care aimed at optimising their developmental progression. 

Underpinned by Als’ (1982) Synactive Theory of Development, developmental care operates within a 

developmental-maturation paradigm where infants’ neurobehavioural organization skills develop 

over time. The development of these skills is influenced by prematurity, illness and congenital 

anomalies (Torowicz et al., 2012). In addition, developmental care-practices are informed by the 

Newborn Individualised Developmental Care Assessment Program (NIDCAP)(Als, 1982). This is a  

relationship-based model of care designed to modify the caregiving culture, interactions and the 

NICU environment (Lawhon and Hedlund, 2008). NIDCAP involves rigorous training with specialist 

education in infant-developmental observation, with application and assessment of caregiving and 

the NICU environment. Each element focuses on facilitating relationships between infants, parents 

and staff members and the interplay of these relationships in the broader NICU (Als, 1982). Based on 

infant cues, caregiving is modified to reduce the noxious effect of stressors on the developing brain 

(Als and McAnulty, 2011). Studies to date have mostly evaluated the impact of developmental care 

on short-term medical outcomes (e.g., days of mechanical ventilation/supplemental oxygen, weight 

gain, length of stay), with limited data about longer-term neurodevelopment (Byers, 2003; Rick, 
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2006; Soleimani et al., 2020; Symington and Pinelli, 2009).  A lack of consensus regarding the 

evidence may not be surprising given that developmental care is a philosophy of care encompassing 

a broad category of interventions, with sporadic implementation (Carrier, 2002; Lubbe et al., 2012).   

 

Caregiving can be provided by multiple individuals, most importantly the parents. Within a 

developmentally-supportive and family-centred framework, families are recognised as the primary 

caregivers (Als, 1982; De Bernardo et al., 2017; Lee and O'Brien, 2014). Models of care with parents 

as primary caregivers are being increasingly implemented in hospital settings (Lean et al., 2018; Lee 

and O'Brien, 2014), with research showing decreased parental stress and anxiety, and increased 

exclusive breastmilk feeding at discharge (O'Brien et al., 2018). Caregiving by nurses, however, 

continues to be one of the most frequent events experienced by an infant during their NICU 

admission (Godarzi et al., 2018; Murdoch and Darlow, 1984; Pereira et al., 2013). As the focus of this 

review was nurse-delivered caregiving of the infant, literature about parents as primary caregivers 

and the nurses’ role in supporting parents in the hospital setting was not included. In this paper, the 

term ‘caregiving’ refers to ‘nurse-delivered caregiving’.  

 

Caregiving has been defined as a necessary single or clustered intervention ranging from vital sign 

monitoring, repositioning, feeding or nappy change through to suctioning and other invasive 

procedures (Peters, 1999). Caregiving can act as stimuli that elicits infant pain responses. There are 

numerous validated tools for assessing infant pain behaviours (Relland et al., 2019), yet 

differentiating between infant pain behaviours and stress responses remains difficult. Like other 

NICU interventions, caregiving is an event with the potential to alter physiological stability and 

behavioural state, and increase infant stress. The immediate effects of caregiving can be assessed by 

measuring an infant’s physiological or behavioural stress responses. While pain per se was not the 

focus of this literature review, some studies included a broad classification of caregiving 

interventions ranging from vital sign assessment to painful interventions (e.g. heel stick).   

 

In humans, stress responses occur via a complex system designed to counter internal and external 

stimulation, with an initial focus on achieving overall physiological stability (Zeiner et al., 2016). The 

autonomic nervous system (ANS), comprising the sympathetic and parasympathetic arms, plays a 

significant role in the overall regulation of physiological functions in response to stressful stimuli. 

Fluctuations in heart rate (HR), respiratory rate (RR), oxygen saturation (SaO2), blood pressure (BP), 
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skin colour changes, the startle reflex, and tremors (Als, 1986), are recognised as physiological 

manifestations of stress in infants (DiPietro and Porges, 1991; Peters, 1999; Zahr and Balian, 1995). 

Repeated stressor exposure affects adaptive capability and self-regulation, with the occurrence and 

severity of stressors influencing cortical connectivity and potentially long-term development 

(McAnulty et al., 2009; McAnulty et al., 2010; Zeiner et al., 2016). 

The ANS also regulates the complex interplay of physiological, biochemical and neurobehavioral 

systems that underlie behavioural state regulation (Als, 1986; Foreman et al., 2008; Prechtl, 1974).  

Infant behavioural states (e.g., deep sleep, quiet alertness, fussing, crying) are observable during 

interactions with caregivers and the environment. In stressful situations, infants change state as a 

self-regulation strategy (Foreman et al., 2008). In the NICU, behavioural responses to interventions 

vary across infants, based on gestational age, chronological age and level of illness (Als, 1982; Als, 

1986; Prechtl, 1974). Infant behavioural responses can positively or negatively impact on a 

caregiver’s perceptions of an infant and their subsequent interactions (Als et al., 2005). Within a 

developmentally-supportive framework, caregivers implement strategies to support an infant’s self-

regulation (Als and McAnulty, 2011; Lawhon and Hedlund, 2008). 

 

Dysfunction of the ANS is identified as the mechanism by which exposure to early adversity affects 

emotional and behavioural outcomes, including temperament (McLaughlin et al., 2015). 

Temperament has been defined as a moderately stable set of infant behavioural traits that affect 

both personality and behaviour (Gunnar et al., 1995). Infant measurements of temperament identify 

early regulatory problems predictive of subsequent behavioural difficulties (Abulizi et al., 2017; 

Gunnar et al., 1995; Sidor et al., 2017). Prematurity and hospitalisation in the neonatal period can 

adversely affect behavioural outcomes including temperament (Abulizi et al., 2017; Cassiano et al., 

2020; Cassiano et al., 2019; Feldman, 2009).  

 

Research exploring the effect of physiological and behavioural responses during caregiving has been 

published since the 1980’s. Nurse-delivered caregiving is frequently categorised in studies by type, 

duration, patterns, nurse education, and infant responses to handling (Peters, 1999). Researchers 

have demonstrated that caregiving duration impacts adversely on sleep cycles in preterm infants  

(Godarzi et al., 2018; Maki et al., 2017; Murdoch and Darlow, 1984; Pereira et al., 2013). All aspects 

of the caregiving experience impose sensory input on the infant’s nervous system.  The use of 

developmentally-supportive interventions is considered a proactive approach with the potential to 
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mitigate infant stress in the NICU (Weber and Harrison, 2019). Given that recurrent stressful 

interventions may contribute to adverse developmental outcomes, it is imperative to assess the 

impact of developmental care as a buffering factor within the NICU and beyond hospital discharge.   
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AIM 

The aim of this literature review was to explore what is known about the physiological and 

behavioural effects of nurse-delivered caregiving in the neonatal setting and potential links to infant 

developmental outcomes (behaviour and temperament) in the first 12 months of life. Synthesis of 

the literature provides insight into the cumulative effects of caregiving in the neonatal unit and 

potential associations with longer-term behavioural outcomes.  
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METHODS 

A systematic electronic literature search was completed using CINHAL (EBSCO), MEDLINE (OVID) and 

PsychINFO (1 January 1982 to 1 May 2020). Search limitations were English-language, full-text, and 

peer-reviewed articles. Final screening of articles was undertaken by two of the authors. The 

literature screen focused on nurse-delivered caregiving and its effects on behavioural and 

physiological responses in the NICU and outcomes in the first 12 months following birth. Research 

after 1982 was included following the publication of seminal works by Dr Heidelise Als on the 

Synactive Theory of Development and the inception of developmentally-supportive care (Als, 1982).   

 

A combination of MeSH terms and subject terms were used in PsychINFO, CINHAL (EBSCO) and 

MEDLINE (OVID) to retrieve relevant citations. The MeSH search terms included ‘intensive care unit, 

neonatal,’ ‘neonatal intensive care,’ ‘temperament,’ ‘NICU,’ and ‘nurse’. Subject terms used were 

‘neonatal unit,’ ‘NICU’, ‘caregiving,’ ‘care,’ ‘behavioural response’, ‘physiological response’, and 

‘behavioural outcome,’ and ‘outcome’. Truncation (*) to find any extension of the search term was 

used across all databases, proximity searching was used (Nx) for PsychINFO and CINHAL and (Adjx) 

for MEDLINE (Table 1).   

 

The search engines identified 159 citations, 29 duplicates were found and removed, with an 

additional 27 articles sourced through a secondary citation search. After title and abstract review, 

120 articles were discarded as they were not associated with caregiving in the NICU or subsequent 

outcomes. Of the 37 articles assessed as eligible for full-text review, 21 were included for analysis. 

The PRISMA flow diagram (Figure 1) presents the literature screening process.  
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Table 1. Summary of Database Search 

Database Filters Search terms  Citations 
returned 
 

 
CINHAL 

 
1982-2020, 
English, Peer 
reviewed, 
full text 

 
Concept 1: ‘Intensive care units, neonatal’ [MeSH], OR 
‘neonatal unit*’ OR ‘NICU’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving’ OR ‘Nurse*’ [MeSH] N3 ‘care*’ 
Concept 3: ‘(behavi* OR physiolog*)’ N3 ‘(response* OR 
outcome*)’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

 
47 

PsychINFO Concept 1: ‘Neonatal intensive care’ [MeSH] OR 
‘neonatal unit*’ OR ‘NICU’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving’ OR ‘Nurse*’ [MeSH] N3 ‘care*’ 
Concept 3: ‘(behavi* OR physiolog*)’ N3 ‘(response* OR 
outcome*)’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

71 

MEDLINE Concept 1: ‘Intensive care units, neonatal’ [MeSH], OR 
‘neonatal unit*.mp’ OR ‘NICU.mp’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving.mp’ OR ‘Nurse*’ [MeSH] adj3 ‘care*.mp’ 
Concept 3: ‘(behavi* OR physiolog*)’ adj3 ‘(response* 
OR outcome*).mp’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

41 
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Figure 1. PRISMA flow diagram screening of articles for review  

FIGURE 1 
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RESULTS 

Data from the 21 studies are organised under Matrix headings, including year/author/date, setting, 

sample/gestational age, research design, measures and main findings (Garrard, 2017) (see Table 4). 

Nineteen of the studies collected data in the NICU, one study collected data  from both the NICU and 

postnatal unit in the maternity ward (Mörelius et al., 2006) and another from the postnatal unit only 

(Gunnar et al., 1995). Infant sample sizes ranged from 10 to 139 infants. The combined data 

explored the caregiving experience of 969 infants and 20 neonatal nurses. Research designs were 

mostly descriptive cross-sectional, but also included four randomised cross-over trials, three quasi-

experimental cross-over studies, two longitudinal randomised controlled trials, two longitudinal 

cohort studies, three observational studies and one qualitative study. The studies predominately 

used quantitative methods, focusing on collection and analysis of physiological data (heart rate, 

respiratory rate, oxygenation, salivary cortisol, vagal tone, pain score, and blood pressure) and 

behavioural responses (pain score, stress, infant state, temperament, social and emotional 

assessments) in relation to caregiving. Three major themes were identified in the synthesis of the 

data associated with caregiving in the neonatal setting: the burden of caregiving on infants’ 

physiological and behavioural responses; the effect of caregiving on longer-term outcomes; and 

factors contributing to the effects of caregiving , which comprised three categories – infant 

characteristics, nurse approaches to caregiving, and the effects of caregiving within a 

developmentally-supportive framework.  

 

The burden of caregiving on infants’ physiological and behavioural responses 

Seventeen of the studies explored infants’ physiological and behavioural responses to caregiving. 

Eleven studies reported both physiological and behavioural responses (Catelin et al., 2005; Comaru 

and Miura, 2009; de Freitas et al., 2018; Gunnar et al., 1995; Lee, 2002; Liaw et al., 2010; Liaw et al., 

2012a; Mörelius et al., 2006; Peters, 1998; Sizun et al., 2002; Zeiner et al., 2016), four studies 

reported physiological responses (Danford et al., 1983; Evans, 1991; Peters, 1992; Yung-Weng and 

Ying-Ju, 2004), and two studies reported behavioural responses only (Becker et al., 1993; Liaw et al., 

2012b).  

 

Caregiving was classified as either an individual procedure; nappy change (Comaru and Miura, 2009; 

Mörelius et al., 2006; Sizun et al., 2002; Yung-Weng and Ying-Ju, 2004), infant weighing (Catelin et 

al., 2005), bathing (de Freitas et al., 2018; Lee, 2002; Liaw et al., 2010; Peters, 1998), performing a 
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heel stick (Gunnar et al., 1995), unit-based standard care (Zeiner et al., 2016), or listed as 

interventions defined by the study (Becker et al., 1993; Danford et al., 1983; Peters, 1992), and in 

two studies classified as social, routine or intrusive (Liaw et al., 2012a; Liaw et al., 2012b). One study 

did not articulate caregiving type beyond ‘any nursing intervention that required tactile contact’ 

(Evans, 1991).  

 

Sixteen of the 17 studies found routine caregiving interventions were stressful for infants, showing 

adverse physiological or behavioural responses. The one study that found no significant changes in 

behavioural or physiological responses from baseline, reported a statistically non-significant increase 

in salivary cortisol related to caregiving (de Freitas et al., 2018). 

 

Four studies hypothesised that routine caregiving was painful and included pain assessments in their 

data.  All four studies found an increase in infant pain scores during routine caregiving involving 

nappy changing (Comaru and Miura, 2009; Mörelius et al., 2006; Sizun et al., 2002) or weighing 

(Catelin et al., 2005).  

 

The effect of caregiving on longer-term outcomes   

Four of the studies explored the effect of the NICU on outcomes beyond discharge, two within a 

developmentally-supportive framework. McAnulty et al (2009) reported improved self-regulation 

and autonomic, motor and state system organisation at two weeks of age and significantly higher 

Bayley score at 9 months of age related to goal directedness, attention span and motor muscle 

coordination in the developmental care intervention group.  Similarly, van der Paul et al (2008) 

reported that infants in the developmental care intervention group demonstrated better motivation 

and behavioural competence at 12 months.  

 

Two studies compared infant distress responses in the neonatal setting to later behavioural and 

emotional outcomes. Greater heart rate variability was linked to non-optimal temperament 

outcomes at 6 months (Gunnar et al, 1995) and 9 months (Poehlmann et al,2012). In addition, 

Gunnar et al. (1995) linked behavioural responses to heel stick in full-term, healthy neonates to later 

maternal reports of temperament.  
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Factors contributing to the effects of caregiving  

Factors contributing to the effects of caregiving were identified in study findings or noted by study 

authors (see Table 3). This theme comprised three components that at times over-lapped or were 

inter-related.    

 

Infant stability, vulnerability, and immaturity 

Several studies noted that infant stability, vulnerability and immaturity played a role in infant 

responses to caregiving, with some studies identifying severity of illness (Evans, 1991; Horns, 1998; 

Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006; Peters, 1998; Zeiner et al., 2016) and 

gestational age (Becker et al., 1993; Danford et al., 1983; Evans, 1991; Lee, 2002; Liaw et al., 2010; 

Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006; Peters, 1998; Yung-Weng and Ying-Ju, 

2004; Zeiner et al., 2016) as variables that influenced caregiving effects. However,  full-term healthy 

infants were also found to demonstrate pain responses during routine caregiving (Mörelius et al., 

2006) and a heel stick (Gunnar et al., 1995).   

Some studies found that gestational age and birth weight affected infant responses to caregiving.  

Gestational age effects to caregiving were identified in six studies (Becker et al., 1993; Catelin et al., 

2005; Liaw et al., 2010; Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006). Lower 

gestational age negatively influenced behavioural state transition (Becker et al., 1993; Liaw et al., 

2012b), the expression of grimace, fussing and crying responses (Liaw et al., 2010) and salivary 

cortisol responses (Mörelius et al., 2006). Increasing gestational age and post-menstrual age resulted 

in decreased startles, squirming and disorganised behaviour (Liaw et al., 2012a) and increased wake 

states (Liaw et al., 2012b). However, some studies found no similar infant pain and stress responses 

unrelated to gestational age (Catelin et al., 2005, Mörelius et al., 2006). Only a single study reported 

on the effect of birth weight, finding increased motor cues and attentional cues during stressful 

interventions in low-birth-weight infants (Zeiner et al., 2016).  

Nurse perceptions of caregiving effects 

Nurses’ understanding of infant physiological and behavioural states was noted to inform their 

individual approach to caregiving.  Studies by Liaw and colleagues (2010, 2012a) identified a link 

between nurse caregiver behaviours that included rough handling and intrusive caregiving and the 

effects on preterm infants. Only two studies evaluated nurses’ perceptions of caregiving as a study 

measure. Catelin et al. (2005) found no significant correlation between occurrence of the 

intervention (weighing), the infant’s pain score and nurses’ level of satisfaction with caregiving 
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within a developmentally-supportive framework. In a qualitative analysis of 20 experienced neonatal 

nurses’ perceptions of developmentally-supportive caregiving, Horns (1998) found infant 

physiological signs, perceived resilience during handling, infant behaviours, and complexity of the 

intervention, all contributed to nurses’ perception of infant stability. ‘Being-in-tune’ with the infant, 

delivering care that was contingent, protective and individualised, was dependent on both the 

infant’s stability and the nurse’s approach to caregiving. The author postulated the approach taken 

was likely influenced by the availability of other nurses to assist with caregiving tasks, past 

experiences, infant handling practices and the nurses’ understanding of infant behaviour.  

 

Effect of caregiving in a developmentally-supportive framework  

The effect of caregiving in a developmentally-supportive framework was explored in eight studies 

that compared routine caregiving to a developmentally-supportive caregiving model; three using 

NIDCAP (Catelin et al., 2005; McAnulty et al., 2009; Sizun et al., 2002), and five using study-specific 

models or comparison of developmentally-supportive interventions (Becker et al., 1993; Comaru and 

Miura, 2009; de Freitas et al., 2018; Liaw et al., 2010; Liaw et al., 2012b; van der Pal et al., 2008). 

Seven of these studies found that supportive caregiving positively influenced infant physiological or 

behavioural responses. One study (de Freitas et al., 2018) compared supportive bathing (swaddled) 

and traditional tub-bathing, and found no difference between groups in infant physiological or 

behavioural responses pre- or post-intervention. However, the authors reported that both groups 

showed an increase in salivary cortisol compared to baseline physiological functioning.   
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Table 3. Factors identified as contributing to infant caregiving effects 

Component 
 

Identified in study findings  Suggested as a contributing 
factor by study authors  
 

 
Infant stability, vulnerability, 
and immaturity  
(including illness severity) 
  

 
Becker et al 1993 
Danford et al 1983 
Evans 1991 
Horns 1998 
Lee 2002 
Liaw et al 2010 
Liaw et al 2012a 
Liaw et al 2012b 
Morelius et al 2006 
Peters 1992 
Peters 1998 
Zeiner et al 2016 
Weng and Chang 2004 
 

 
 

Individual nurse approach to 
caregiving based on infant  
physiological and/or 
behavioural responses  

Becker et al 1993 
Horns 1998 
Liaw et al 2010 
Liaw et al 2012a 
Liaw et al 2012b 
Peters 1998 
Weng and Chang 2004 
 

Danford et al 1983 
Peters 1992 
Lee 2002 
Evans 1991 

Caregiving in a 
developmentally-supportive 
framework 

Becker et al 1993 
Catelin et al 2005 
Comaru and Miura 2009 
McAnulty et al 2009 
Sizun et al 2002 
van der Paul et al 2008 
Liaw et al 2010 
Liaw et al 2012b 

Evans 1991 
Lee 2002 
Liaw et al 2012b 
Morelius et al 2006 
Peters 1992 
Peters 1998 
Weng and Chang 2004 
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LIMITATIONS OF STUDIES 

The studies included in this literature review have several limitations which potentially threaten the 

internal and external validity of the findings. There was a lack of consistency of measures used 

across studies to assess caregiving effects. The definition of developmental care and its components 

also varied, making comparisons difficult. Several studies did not assess the effect of caregiving 

during the intervention, only recording data pre- and post-event, limiting the conclusions that can be 

drawn from their findings (Comaru and Miura, 2009; de Freitas et al., 2018). Most studies consisted 

of small sample sizes (10- 50 infants). 

 

The interpretation of stress associated with caregiving varied depending on the study focus and year 

of publication. For example, some researchers reported a nappy change as tolerable (Peters, 1992) 

compared with other routine caregiving, while others who examined nappy change  in isolation 

described it as stressful and painful (Catelin et al., 2005; Mörelius et al., 2006). One of the studies 

had a recruitment period spanning 8 years which likely influenced the results as it may be assumed 

that caregiving practices changed during this period (McAnulty et al., 2009). Nineteen of the 22 

studies were published more than 5 years ago (ranging between 8 to 37 years), suggesting there is a 

lack of current research exploring the issue. Given that approaches to caregiving and staff 

knowledge of developmental care have changed since these studies were conducted translation of 

their findings in the current clinical context is limited. The mediating effect of parent engagement 

and infant-support during nurse-delivered caregiving was not explored in the studies reviewed. This 

is an under-researched aspect of developmentally-supportive care.  
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DISCUSSION 

The purpose of this integrative review was to explore what is known about nurse-delivered 

caregiving in the NICU with a focus on the physiological and behavioural effects and potential links 

to developmental outcomes. The evidence suggests that routine caregiving is not innocuous. 

Synthesis of the literature spanning 37 years shows there are immediate effects of caregiving, with 

research demonstrating altered physiological and behavioural responses, and links to longer-term 

outcomes.  

 

Nineteen studies reported immediate effects of caregiving in the neonatal setting, with responses 

indicative of stress. Four studies utilised pain assessment tools when evaluating responses to 

caregiving. Interestingly, these studies focused on common caregiving interventions that are 

generally considered innocuous; weighing or nappy change. Catelin et al (2005) found significantly 

lower pain scores in preterm infants who received environmental and behavioural support during 

weighing. Changing an infant’s nappy was among the caregiving interventions found to be both 

painful and stressful for preterm and term infants (Comaru and Miura, 2009; Mörelius et al., 2006; 

Sizun et al., 2002). This is a frequently experienced event for infants, particularly for infants with a 

prolonged NICU stay. It is well-documented that painful stimuli, such as heel stick and other similarly 

invasive interventions, precipitate stress responses (Relland et al., 2019) and strategies for 

minimising the effects of pain on neurodevelopmental outcomes have been widely-reported 

(American Academy of Pedaitrics., 2016; McPherson et al., 2020). As the literature review here 

indicates stress responses can also be linked to caregiving activities not generally recognised as 

painful for sick and preterm infants as well as full term infants in the NICU. Consequently, measures 

are often not implemented to minimise this impact.  Importantly, rather than the type of 

intervention, it appears that it is the manner in which the nurse delivers care that significantly 

affects the infant (Becker et al., 1993). Developmentally-supportive caregiving can result in 

immediate improvements in parasympathetic activity and self-regulation (De Rogalski Landrot et al., 

2007; Pressler et al., 2001). Exploring the way in which caregiving is delivered and the factors 

influencing its application is warranted.  

 

Initial research exploring the effects of caregiving likely coincided with the introduction of 

developmentally-supportive care. Yet only two studies conducted in the past five years examined 

the physiological and behavioural effects of this type of caregiving (de Freitas et al., 2018; Zeiner et 

al., 2016). The lack of recent studies in this area suggests the effects of caregiving may not be a 
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current research priority.  Perhaps this also reflects the challenges associated with this type of 

research, including access to resources and funding.  Consequently, the link to developmental 

outcomes is not yet fully explored. Of the twenty studies involving infants, only two looked at the 

longer-term effects of developmentally-supportive care beyond the NICU admission (McAnulty et al., 

2009; van der Pal et al., 2008). The findings of this review suggest it is important that future research 

explores both the immediate and longer-term effects of nurse-delivered caregiving, including the 

mediating influence of parents. 

The nature of the data used to evaluate the effects of caregiving is important, as infant’s stress 

responses in the NICU manifest across multiple systems (Gunnar et al., 1995). The inclusion of 

physiological data (heart rate, respiratory rate, oxygen saturation) allows the identification of stress 

responses in vulnerable infants who may not be capable of outwardly displaying behavioural state 

changes in response to stress (Zeiner et al., 2016). Combining both physiological and behavioural 

observations is recommended to evaluate the complexity of an infant’s stress response to a 

caregiving intervention (Zeiner et al., 2016). Yet, only half of the studies reported the combined 

physiological and behavioural effects of caregiving (Catelin et al., 2005; Comaru and Miura, 2009; de 

Freitas et al., 2018; Gunnar et al., 1995; Lee, 2002; Liaw et al., 2010; Liaw et al., 2012a; Mörelius et 

al., 2006; Peters, 1998; Sizun et al., 2002; Zeiner et al., 2016). Prematurity and prolonged exposure 

to stress in the NICU is thought to inhibit the parasympathetic arm of the ANS, accounting for 

greater variability in physiological responses to stimuli (De Rogalski Landrot et al., 2007). Promoting 

a set of standard behavioural and physiological variables to measure infant stress enables 

comparison of findings across studies. As physiological data is readily available at the bedside via 

continuous monitoring, nurse’s responsiveness to monitoring alerts as indicators of infant stress 

during caregiving could be incorporated in future research.  

 

This review incorporated literature exploring links between caregiving in the NICU and infant 

temperament and behavioural outcomes up to 12 months of age. Of the two studies that measured 

these parameters, both found a link between neonatal stress reactivity in the NICU and non-optimal 

outcomes for temperament and behaviour (Gunnar et al., 1995; Poehlmann et al., 2012). Despite the 

paucity of data, findings to-date suggest that temperament may be a useful measure for exploring 

relationships between infant responses during caregiving and longer-term developmental outcomes. 

An important component of infant behavioural state is self-regulation. An infant’s self-regulatory 

abilities develop over time and in response to the environment, consisting of active efforts on the 

part of the infant to regulate their autonomic functions, motor control, level of arousal and 
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availability for socialisation (Als, 1982; Als, 1989); with caregiver support promoting these self-

regulatory capacities (Feldman, 2009). The longer-term effects of poor self-regulation include sub-

optimal social and cognitive development ranging from difficult temperament to regulatory 

disorders (Feldman, 2009; Sidor et al., 2017), predictive of subsequent behavioural difficulties. 

Further research investigating links between stress responses in the NICU and infant temperament is 

warranted.  

 

Recommendations to modify caregiving based on study findings was highlighted in 18 of the  studies 

(Becker et al., 1993; Catelin et al., 2005; Comaru and Miura, 2009; Danford et al., 1983; Evans, 1991; 

Horns, 1998; Lee, 2002; Liaw et al., 2010; Liaw et al., 2012a; Liaw et al., 2012b; McAnulty et al., 2009; 

Mörelius et al., 2006; Peters, 1992; Peters, 1998; Sizun et al., 2002; van der Pal et al., 2008; Yung-

Weng and Ying-Ju, 2004; Zeiner et al., 2016). Suggestions to adapt caregiving could be broadly 

categorised into three taxonomies; the sensitive application of caregiving (Peters, 1998), 

identification of the infant’s individualised needs (Mörelius et al., 2006), and an understanding of the 

relationship between caregiver and infant (Liaw et al., 2010). It is difficult to modify nurse-delivered 

caregiving practices if little is known of what motivates the caregiver and influences the application 

of caregiving.  

 

While infant stability, vulnerability and immaturity, all of which can be related to gestational age, 

birth weight and severity of illness, were identified as factors contributing to caregiving effects, it 

appears that it is the nurses’ perceptions and responsivity to infant physiological and behavioural 

responses that play the greater role (Liaw et al., 2010; Liaw et al., 2012a).  Yet, only one study 

investigated nurses’ perceptions of infant responses to caregiving (Horns, 1998). Individual nurse 

approaches to caregiving and valuing of developmentally-supportive care are influenced by access to 

education, personal experience, and management or organisational support for care practices 

(Austin et al., 2019; Park and Kim, 2019). NICU nurses appear interested in implementing 

developmentally-supportive care, yet there is possibly a difference between declared and actual 

nurse behaviour, with this difference not well explained in the literature. Research has found that 

despite developmental care education and nurses acknowledgment of the need to implement 

practice components, change was often sporadic with a focus on environmental rather than 

behavioural modifications (Milette et al., 2005). The translation of best available evidence into 

improved health outcomes is a complex and iterative process that requires cultural, behavioural and 

practice change (Curtis et al., 2017). 
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Consistency in the application of nurse-delivered caregiving in the NICU remains a challenge (Gonya 

et al., 2019) and, as highlighted in this literature review, practices may not align with best practice 

principles. Whilst neonatal nurses, like all nurses, have a moral-ethical-professional obligation to 

provide compassionate, quality patient care (Faber, 2013), there are several factors that may 

influence the interface between the caregiver and the caregiving. The ethical ‘best interest 

principle’, is a surrogate decision-making model, unique to infants as they are reliant on others to 

make decisions in their interests (Spence, 2000). Nurse-delivered caregiving where it is necessary to 

undertake certain tasks and interventions to achieve the best outcome for the infant can be placed 

within this model (Spence, 2000). Nurses initiate and undertake activities to meet basic human 

needs and the more complex medical needs of infants in the NICU. Nurses’ personal and 

professional experience, how they view the infant and their perception of the infant’s clinical 

condition and potential long-term outcomes may all influence their caregiving interactions (Spence, 

2000). 

 

Research is needed to ascertain whether there is a gap between nurses’ perceptions of caregiving 

and the actual effects on the infant, and how this differentiates between caregiving performed to 

the infant and caregiving that is sensitively responsive to infant cues.  Caregiving has been described 

as a dance; partners (nurse-baby, baby-nurse) who are ‘in-tune’ adjust to each other to move in 

synchrony (Liaw et al., 2010). Evaluating how often caregivers are dancing the same dance to the 

same rhythm as the infant may help to explain immediate effects of caregiving and consequent 

longer-term developmental outcomes.  
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RELEVANCE TO CLINICAL PRACTICE 

Based on findings from this literature review caregiving interventions in the neonatal setting appear 

to have potentially adverse effects for infants, both immediate and long-term. It is essential that 

neonatal nurses understand the effects of caregiving, modify practices and are responsive to infants’ 

needs. Modification of caregiving practices to benefit the infant will require the commitment of 

individual nurses, managers, and education providers. Identifying the components of care in the 

neonatal setting that are linked to developmental outcomes is essential to minimise the potential 

lifelong impact of the NICU environment on infants and their families. 
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LIMITATIONS OF THIS REVIEW 

The main limitations of this review are that the search was limited to the English language and 

excluded publications before 1982. This has the potential to exclude relevant untranslated and older 

studies. However, given the changes in caregiving practices in neonatal settings since 1982 findings 

from studies prior to that date may no longer be relevant. The conceptualisation of this integrative 

review involving the linking of three concepts; nurse-delivered caregiving, the neonatal setting, and 

outcomes within the first 12 months of life, may also have excluded research.  Some studies 

removed through early screening were relevant to the broader body of knowledge in this area, but 

were not specific to the purpose of this review. The findings of this review were intended to identify 

the current state of knowledge and potential gaps in the literature, not to inform best practice 

guidelines. As such, the review does not include an assessment of the quality of the evidence. While 

this may be a limitation of the review and a source of potential bias, the review does highlight the 

need for further research on nurse-delivered caregiving in the NICU and its effects on infants.  
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CONCLUSION 

This literature review highlights the need for further research examining the physiological and 

behavioural effects of caregiving on infants in the NICU and the potential links to developmental 

outcomes. It is important to conduct research that looks beyond the immediate responses to 

caregiving. Capturing the cumulative effect within and beyond the NICU will ensure the overall 

impact of nurse-delivered caregiving is thoroughly evaluated. With this data, an individualised 

caregiving approach can be clearly articulated and the need for resources to buffer the effect of 

caregiving be effectively communicated to clinicians, families, administrators, and policymakers. 

Understanding the link between caregiving and developmental outcomes may strengthen the call for 

adequate staffing and education resources in the neonatal setting. To better understand neonatal 

nurse practices, future research must include nurses’ perceptions of the effects of caregiving when 

exploring the relationship between cause (caregiving approach) and effect (infant behaviours and 

physiology). This information will be used to modify practices that may be linked to longer-term 

morbidity of infants following an NICU admission.  
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

 
Becker et al 
1997 
(USA) 

 
NICU 

 
38 preterm 
infants;  
25-32 (mean 
28.3) 

 
Quasi-experimental cross-over 
design; each infant served as 
its own control during four 
caregiving sessions 

 
‘Caregiving 
tasks’ (not 
further 
detailed) 

 
Behavioural state, 
caregiver 
intervention, video 

 
Developmental caregiving 
supported behavioural state 
organisation by increasing sleep 
and drowsy periods with 
decreased fuss/cry time 
 

Catelin et al 
2005 
(France) 

NICU 45 infants; 
15, <32 
(mean 30.1) 
15, >32 -36 
(mean 34.2) 
15, >37 
(mean 39.1) 

Randomised cross-over 
comparison of three groups of 
infants across different 
gestational ages (very 
preterm, late preterm, term) 
during a developmentally-
supportive and not-supportive 
weight measurement. Infants 
were weighed twice in 24 
hours and served as their own 
control 
 

Weighing  HR, TCO2, NIPS, 
EDIN, NIRS, salivary 
cortisol, number of 
procedures, nurse’s 
satisfaction index, 
video 

Developmentally-supportive 
environmental and behavioural 
interventions decreased heart rate, 
pain and discomfort scores in 
preterm and term infants during 
weighing  

Comaru and 
Miura  
2009 
(Brazil) 

NICU 47 preterm 
infants; 
<35  

Randomised cross-over 
design, comparison of nest 
use during nappy change 
versus no nest, infants served 
as their own control 
 

Nappy change HR, SaO2, NIDCAP 
stress behaviours, 
distress score, pain 
score 
 

All infants displayed increased 
distress and pain scores during 
nappy changes despite postural 
support from a nest 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Danford et al 
1983 
(USA) 

NICU 36 infants; 
24-38  
 

Prospective observational 
design comparing term and 
preterm infants observed 
during invasive interventions 
or routine caregiving 
 

11 different 
types ranging 
from vital sign 
measurements, 
nappy change 
to heel stick 

TcPO2 Nearly all care-orientated stimuli 
resulted in a fall in oxygenation in 
50-100% of preterm infants  

 
 
de Freitas et 
al 2018 
(Brazil) 

 
 
NICU 

 
 
43 preterm 
infants; 
32-36 
22, (mean 
33) 
21, (mean 
34) 
 

 
 
Randomised cross-over design 
comparing two groups 
allocated to either swaddled 
or non-swaddled bathing 
technique, measures taken 
pre- and post-intervention 

 
 
Bathing 

 
 
HR, SaO2, axillary 
temperature, 
salivary cortisol, 
infant sleep wake 
state, video 

 
 
No significant differences in vital 
signs, salivary cortisol, or sleep 
wake state between the two 
groups. Salivary cortisol increased 
from baseline in both groups 
during the interventions  

Evans  
1991 
(USA) 

NICU 13 preterm 
infants; 
6, <30 
7, 30-33 
 

Prospective observational 
design, caregiving observed 
for one hour  

6 different 
types from 
vital signs, 
nappy change 
to suctioning 
 

TcPO2 Invasive and routine caregiving 
was associated with hypoxemia in 
the first 72 hours of life 

Gunnar et al 
1995 
(USA)  

Post-
natal 
unit 

50 full-term 
healthy 
infants; 
37-41 
 

Prospective longitudinal 
cohort, measures collected at 
mean 48 hours of age and 
temperament at 6 months  

Heel stick HR, vagal tone, 
behavioural state 
(Brazelton NBAS), 
salivary cortisol, 
IBQ 

Greater physiological and 
behavioural activity responses to a 
heel stick were related to maternal 
report of subdued temperament at 
6 months of age 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Horns  
1998 
(USA) 

NICU 20  
NICU 
experienced 
nurses 

Observational and focus group 
approach, observational 
technique used to develop 
questions for the focus group 
interviews 
 

Not applicable Focus group 
interviews 

Infant physiological stability and 
the nurse’s approach to caregiving 
impacted their perception of the 
infant’s responses 

Lee  
2002 
(South Korea) 
 

NICU 40 preterm 
infants; 
27-36 (mean 
33.1) 
 

Descriptive exploratory design 
examining the effects of 
sponge bathing (before, 
during and after) 

Sponge bathing HR, vagal tone, 
SaO2, behavioural 
states 

Sponge bathing of preterm infants 
was associated with a significantly 
increased HR and decreased vagal 
tone indicative of stress 

 
Liaw et al 
2010 
(Taiwan) 

 
NICU 

 
24 preterm 
infants; 
27-35 (mean 
30.3) 

 
Descriptive correlational 
design comparison of infants 
bathed by different nurses on 
different days 

 
Bathing 

 
Infant behaviour 
coding, nurse 
behaviour coding, 
video 
 

 
Supportive caregiving behaviours 
from nurses reduced infant stress 
and increased infant self-
regulation behaviours 

Liaw et al 
2012 (a) 
(Taiwan) 

NICU 30 preterm 
infants; 
27-36 (mean 
31.5) 

Prospective descriptive design 
with repeat measures and 
continuous video observation 
for three consecutive 24 hour 
periods 
 

49 caregiving 
activities 
classified as no 
caregiving, 
social 
interaction, 
routine 
caregiving, 
intrusive 
caregiving 
 

HR, RR, SaO2, NTISS, 
infant behaviour 
coding, NIDCAP 
regulation 
behaviours 

Occurrences of most infant stress-
related behaviours increased 
during stress-inducing caregiving  
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Liaw et al 
2012 (b) 
(Taiwan) 

NICU 30 preterm 
infants; 
27-36 (mean 
31.5) 

Prospective descriptive design 
with repeat measures and 
continuous video observation 
for three consecutive 24 hour 
periods  
 

Classified as no 
caregiving, 
social 
interaction, 
routine 
caregiving, 
intrusive 
caregiving 
 

NTISS, infant 
behaviour coding, 
NICU caregiving 
and support 

Quiet sleep increased when infants 
received no caregiving, social 
interactions or NNS and were 
laterally positioned 

McAnulty et 
al 2009 
(USA) 

NICU 107 preterm 
infants: 
51 -control 
56 – NIDCAP; 
<29  
 

Longitudinal randomised 
control trial comparing 
standard care to NIDCAP care. 
Measures at 2 weeks 
corrected age and at 9 months 
corrected age 
 

‘Standard 
versus NIDCAP 
care’ not 
further defined 

2 weeks: APIB, 
Prechtl, EEG 
9 months: Bayley 
Scales of Infant 
Development 

NIDCAP care was associated with 
improved behavioural functioning 
at 2 weeks corrected and 
neurobehavioral functioning at 9 
months 

Mörelius et al 
2006 
(Sweden) 

NICU & 
postnatal 
unit 

39 NICU 
infants: 
23, <30  
16, >30  
and 30 full-
term healthy 
infants 
 

Prospective descriptive design 
with repeat measures,  
comparing  two NICU groups 
of different gestational age 
and a healthy full-term control 
group; pre-, during, and post-
routine nappy change  

Nappy change HR, SaO2, salivary 
cortisol, PIPP, NIPS 

Preterm and full-term infants 
demonstrated pain responses 
during routine nappy changes  

Peters  
1992 
(Canada)  

NICU 10 preterm 
infants; 
27-36 (mean 
29.9) 
 

Quasi-experimental repeat 
measure observation of 
caregiving over 3.5 days  

28 different 
types of care 
from ‘tender 
care’, 
weighing, 

HR, MABP, ICP, 
TcPO2, TcCO2, 
TcSaO2 

Frequent periods of hypoxia, 
hyperoxia and increased ICP 
responses occurred either during 
or up to 5 minutes after routine 
care 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

nappy change, 
heel stick, 
suctioning 
 

Peters  
1998  
(Canada)  

NICU 14 preterm 
infants; 
7, 28-29 
7, 30-31 
(overall 
mean 29)  
 

Prospective quasi-
experimental repeat measure, 
comparing two gestational age 
groups responses to sponge 
bathing, each infant served as 
own control 
 

Bathing HR, SaO2, NIDCAP 
behavioural state, 
video  

Disruption in physiological and 
behavioural responses occurred in 
all neonates throughout the 
bathing intervention, with higher 
state and activity levels post-bath 

Poehlmann et 
al ** 
2012 
(USA) 

NICU 109 preterm 
infants; 
23-36 (mean 
31.7) 

Prospective longitudinal 
cohort design, with baseline 
physiological measures in the 
NICU and repeat measures up 
to 36 months of age  
 

Not applicable  9 months: Vagal 
tone, parenting 
interaction 
(PCERA), LAB-TAB 

Temperamentally prone-to-
distress preterm infants exhibited 
more externalising problems with a 
‘critical style’ of parenting  

Sizun et al 
2002 
(France) 

NICU 19 preterm 
infants; 
27-31 (mean 
29.1) 

Prospective cross-over, infants 
randomly assigned to receive 
developmental care or no 
developmental care during 
intervention, each infant 
served as  
own control 
 

Nappy change HR, SaO2, PIPP, 
EDIN, video 

Developmentally-supportive care 
during a nappy change significantly 
reduced pain and distress scores 
and hypoxic events 

van der Pal et 
al  
2008*** 
 

NICU 139 preterm 
infants 
70, mean 
29.5  

Randomised control trial 
comparing groups of infants 
allocated to either 
environmental developmental 

Basic 
developmental 
care (incubator 
cover and nest) 

12 months: ITSEA, 
NOSI 

A basic form of environmental 
developmental care had a positive 
influence on child competence 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

(The 
Netherlands) 

69, mean 
29.1 
 

care or standard care; 
followed up to two years of 
age  
 

versus 
standard care  

behaviours at 12 months corrected 
age 

Yung-Weng 
and Ying-Jui  
2004 
(Taiwan) 

NICU 11 preterm 
infants 
27-36 (mean 
29.9) 

Prospective descriptive design 
with repeat measures; each 
infant was observed during a 
nappy change at four different 
times on different days 
 

Nappy change HR, SaO2, buttock 
lifting angle 

90% of nappy changes resulted in 
increased or decreased HR and 
decreased SaO2 for premature 
infants, with a recovery time up to 
10 minutes 

Zeiner et al 
2016 
(USA) 

NICU 30 preterm 
infants 
28-35 (mean 
32.7) 

Prospective observational 
design, during standard 
morning caregiving  
 

Temperature, 
nappy change 
and 
repositioning 

HR, RR, skin 
conductance 
responses, NIDCAP 
stress behaviours 

Stress responses significantly 
increased during care, with 
behavioural responses influenced 
by the infant’s severity of illness 

Table 4. Summary of articles included in literature review 
Abbreviations: APIB: Assessment of Preterm Infant’s Behaviour, BPSC: Baby Pediatric Symptom Checklist, Brazelton NBAS: Neonatal Behavioral Assessment 
Scale, EDIN: Échelle Douleur Inconfort Nouveau-Né, neonatal pain and discomfort scale, EEG: electroencephalogram, HR: heart rate, IBQ: Rothbart’s Infant 
Behavioural Questionnaire, ICP: Intracranial pressure, ICQ: Infant Characteristics Questionnaire, ITQ: Carey's Infant Temperament Questionnaire, ITSEA: 
Infant-Toddler Social and Emotional Assessment, LAB-TAB: Laboratory assessment of Temperament, MABP: Mean arterial blood pressure, NICU: neonatal 
intensive care unit, NIPS: Neonatal Infant Pain Scale, NIRS: Near-Infrared Spectroscopy, NOSI: Nijmegen Parenting Stress Index, NNNS: NICU Network 
Neurobehavioral Scale, NIDCAP: Newborn Individualised Developmental Care Assessment Program, NNS: non-nutritive sucking, NTISS: National Therapeutic 
Intervention Scoring System, PCERA: Parent Child Early Relational Assessment, PIPP: Premature Infant Pain Profile, Prechtl: Prechtl 
NeurologicalEexamination of the Full-term Newborn Infant, RR: respiratory rate, SaO2: oxygen saturation levels, TCO2: Transcutaneous carbon dioxide, 
TCPO2: Transcutaneous oxygen, TCM: Transcutaneous Monitoring, TcSaO2: Transcutaneous oxygen saturation.  
*      details of gestational age were not consistently available  
**   only results at 9 months are reported in this table 
*** only results at 12 months are reported in this table
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Infants hospitalised in neonatal intensive care units require interventions for lifesaving care and to 

meet basic human needs. Evidence that stress influences neurodevelopment suggests the effects of 

caregiving in the neonatal intensive care unit (NICU) warrant further investigation to assess links 

with infant developmental outcomes. This review explores the effects of nurse-delivered caregiving 

in the NICU on infant physiological and behavioural responses, and longer-term developmental 

outcomes (behaviour and temperament). CINHAL, MEDLINE and PsychINFO were systematically 

searched for studies in peer-reviewed journals related to nurse-delivered caregiving and 

developmental outcomes. Synthesis of the literature identified altered physiological and behavioural 

responses as immediate effects of caregiving in neonatal settings, and non-optimal developmental 

outcomes. Results indicate that caregiving is not innocuous. Yet, little is known about nurses’ 

perceptions of the effects of caregiving. Identifying the care components that influence 

development is essential to minimise the potentially adverse impact of the NICU experience on 

infants and families. 
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ABSTRACT 

Infants hospitalised in neonatal intensive care units require interventions for lifesaving care and to 

meet basic human needs. Evidence that stress influences neurodevelopment suggests the effects of 

caregiving in the neonatal intensive care unit (NICU) warrant further investigation to assess links 

with infant developmental outcomes. This review explores the effects of nurse-delivered caregiving 

in the NICU on infant physiological and behavioural responses, and longer-term developmental 

outcomes (behaviour and temperament). CINHAL, MEDLINE and PsychINFO were systematically 

searched for studies in peer-reviewed journals related to nurse-delivered caregiving and 

developmental outcomes. Synthesis of the literature identified altered physiological and behavioural 

responses as immediate effects of caregiving in neonatal settings, and non-optimal developmental 

outcomes. Results indicate that caregiving is not innocuous. Yet, little is known about nurses’ 

perceptions of the effects of caregiving. Identifying the care components that influence 

development is essential to minimise the potentially adverse impact of the NICU experience on 

infants and families. 
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INTRODUCTION 

It has been well-established that stress and trauma in the first 1000 days of post-conceptual life can 

have adverse lifelong effects (D'Agata et al., 2017; Linnér and Almgren, 2020). Lifesaving and routine 

caregiving in the neonatal intensive care unit (NICU) occur during a period of sensitive, rapid and 

critical brain development. Despite the best intentions, the NICU environment cannot replicate the 

intrauterine experience, instead offering a ‘sub-optimal’ environment with infants subsequently 

vulnerable to brain injury and maldevelopment (Cheong et al., 2020). Increasingly, the influences of 

the early environment and biological and social factors are being explored as potential mediators for 

preterm infants’ developmental outcomes (Burnett et al., 2018; Cheong et al., 2020). Exposure to 

the hospital environment, noise, pain, and disrupted parenting are suggested as affecting long-term 

neurodevelopment and  areas that require a stronger research focus (Cheong et al., 2020).  Because 

developmentally-supportive caregiving in the NICU addresses these factors, it may positively 

influence long-term health and developmental outcomes (Lean et al., 2018; McAnulty et al., 2010; 

O'Reilly et al., 2020; Robinson et al., 2020; Wolke et al., 2019) and therefore, warrants further 

investigation.  

 

The concept of ‘developmentally-supportive care’, also referred to as ‘developmental care’, focuses 

on the infant and family; providing care aimed at optimising their developmental progression. 

Underpinned by Als’ (1982) Synactive Theory of Development, developmental care operates within a 

developmental-maturation paradigm where infants’ neurobehavioural organization skills develop 

over time. The development of these skills is influenced by prematurity, illness and congenital 

anomalies (Torowicz et al., 2012). In addition, developmental care-practices are informed by the 

Newborn Individualised Developmental Care Assessment Program (NIDCAP)(Als, 1982). This is a  

relationship-based model of care designed to modify the caregiving culture, interactions and the 

NICU environment (Lawhon and Hedlund, 2008). NIDCAP involves rigorous training with specialist 

education in infant-developmental observation, with application and assessment of caregiving and 

the NICU environment. Each element focuses on facilitating relationships between infants, parents 

and staff members and the interplay of these relationships in the broader NICU (Als, 1982). Based on 

infant cues, caregiving is modified to reduce the noxious effect of stressors on the developing brain 

(Als and McAnulty, 2011). Studies to date have mostly evaluated the impact of developmental care 

on short-term medical outcomes (e.g., days of mechanical ventilation/supplemental oxygen, weight 

gain, length of stay), with limited data about longer-term neurodevelopment (Byers, 2003; Rick, 
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2006; Soleimani et al., 2020; Symington and Pinelli, 2009).  A lack of consensus regarding the 

evidence may not be surprising given that developmental care is a philosophy of care encompassing 

a broad category of interventions, with sporadic implementation (Carrier, 2002; Lubbe et al., 2012).   

 

Caregiving can be provided by multiple individuals, most importantly the parents. Within a 

developmentally-supportive and family-centred framework, families are recognised as the primary 

caregivers (Als, 1982; De Bernardo et al., 2017; Lee and O'Brien, 2014). Models of care with parents 

as primary caregivers are being increasingly implemented in hospital settings (Lean et al., 2018; Lee 

and O'Brien, 2014), with research showing decreased parental stress and anxiety, and increased 

exclusive breastmilk feeding at discharge (O'Brien et al., 2018). Caregiving by nurses, however, 

continues to be one of the most frequent events experienced by an infant during their NICU 

admission (Godarzi et al., 2018; Murdoch and Darlow, 1984; Pereira et al., 2013). As the focus of this 

review was nurse-delivered caregiving of the infant, literature about parents as primary caregivers 

and the nurses’ role in supporting parents in the hospital setting was not included. In this paper, the 

term ‘caregiving’ refers to ‘nurse-delivered caregiving’.  

 

Caregiving has been defined as a necessary single or clustered intervention ranging from vital sign 

monitoring, repositioning, feeding or nappy change through to suctioning and other invasive 

procedures (Peters, 1999). Caregiving can act as stimuli that elicits infant pain responses. There are 

numerous validated tools for assessing infant pain behaviours (Relland et al., 2019), yet 

differentiating between infant pain behaviours and stress responses remains difficult. Like other 

NICU interventions, caregiving is an event with the potential to alter physiological stability and 

behavioural state, and increase infant stress. The immediate effects of caregiving can be assessed by 

measuring an infant’s physiological or behavioural stress responses. While pain per se was not the 

focus of this literature review, some studies included a broad classification of caregiving 

interventions ranging from vital sign assessment to painful interventions (e.g. heel stick).   

 

In humans, stress responses occur via a complex system designed to counter internal and external 

stimulation, with an initial focus on achieving overall physiological stability (Zeiner et al., 2016). The 

autonomic nervous system (ANS), comprising the sympathetic and parasympathetic arms, plays a 

significant role in the overall regulation of physiological functions in response to stressful stimuli. 

Fluctuations in heart rate (HR), respiratory rate (RR), oxygen saturation (SaO2), blood pressure (BP), 
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skin colour changes, the startle reflex, and tremors (Als, 1986), are recognised as physiological 

manifestations of stress in infants (DiPietro and Porges, 1991; Peters, 1999; Zahr and Balian, 1995). 

Repeated stressor exposure affects adaptive capability and self-regulation, with the occurrence and 

severity of stressors influencing cortical connectivity and potentially long-term development 

(McAnulty et al., 2009; McAnulty et al., 2010; Zeiner et al., 2016). 

The ANS also regulates the complex interplay of physiological, biochemical and neurobehavioral 

systems that underlie behavioural state regulation (Als, 1986; Foreman et al., 2008; Prechtl, 1974).  

Infant behavioural states (e.g., deep sleep, quiet alertness, fussing, crying) are observable during 

interactions with caregivers and the environment. In stressful situations, infants change state as a 

self-regulation strategy (Foreman et al., 2008). In the NICU, behavioural responses to interventions 

vary across infants, based on gestational age, chronological age and level of illness (Als, 1982; Als, 

1986; Prechtl, 1974). Infant behavioural responses can positively or negatively impact on a 

caregiver’s perceptions of an infant and their subsequent interactions (Als et al., 2005). Within a 

developmentally-supportive framework, caregivers implement strategies to support an infant’s self-

regulation (Als and McAnulty, 2011; Lawhon and Hedlund, 2008). 

 

Dysfunction of the ANS is identified as the mechanism by which exposure to early adversity affects 

emotional and behavioural outcomes, including temperament (McLaughlin et al., 2015). 

Temperament has been defined as a moderately stable set of infant behavioural traits that affect 

both personality and behaviour (Gunnar et al., 1995). Infant measurements of temperament identify 

early regulatory problems predictive of subsequent behavioural difficulties (Abulizi et al., 2017; 

Gunnar et al., 1995; Sidor et al., 2017). Prematurity and hospitalisation in the neonatal period can 

adversely affect behavioural outcomes including temperament (Abulizi et al., 2017; Cassiano et al., 

2020; Cassiano et al., 2019; Feldman, 2009).  

 

Research exploring the effect of physiological and behavioural responses during caregiving has been 

published since the 1980’s. Nurse-delivered caregiving is frequently categorised in studies by type, 

duration, patterns, nurse education, and infant responses to handling (Peters, 1999). Researchers 

have demonstrated that caregiving duration impacts adversely on sleep cycles in preterm infants  

(Godarzi et al., 2018; Maki et al., 2017; Murdoch and Darlow, 1984; Pereira et al., 2013). All aspects 

of the caregiving experience impose sensory input on the infant’s nervous system.  The use of 

developmentally-supportive interventions is considered a proactive approach with the potential to 
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mitigate infant stress in the NICU (Weber and Harrison, 2019). Given that recurrent stressful 

interventions may contribute to adverse developmental outcomes, it is imperative to assess the 

impact of developmental care as a buffering factor within the NICU and beyond hospital discharge.   
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AIM 

The aim of this literature review was to explore what is known about the physiological and 

behavioural effects of nurse-delivered caregiving in the neonatal setting and potential links to infant 

developmental outcomes (behaviour and temperament) in the first 12 months of life. Synthesis of 

the literature provides insight into the cumulative effects of caregiving in the neonatal unit and 

potential associations with longer-term behavioural outcomes.  
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METHODS 

A systematic electronic literature search was completed using CINHAL (EBSCO), MEDLINE (OVID) and 

PsychINFO (1 January 1982 to 1 May 2020). Search limitations were English-language, full-text, and 

peer-reviewed articles. Final screening of articles was undertaken by two of the authors. The 

literature screen focused on nurse-delivered caregiving and its effects on behavioural and 

physiological responses in the NICU and outcomes in the first 12 months following birth. Research 

after 1982 was included following the publication of seminal works by Dr Heidelise Als on the 

Synactive Theory of Development and the inception of developmentally-supportive care (Als, 1982).   

 

A combination of MeSH terms and subject terms were used in PsychINFO, CINHAL (EBSCO) and 

MEDLINE (OVID) to retrieve relevant citations. The MeSH search terms included ‘intensive care unit, 

neonatal,’ ‘neonatal intensive care,’ ‘temperament,’ ‘NICU,’ and ‘nurse’. Subject terms used were 

‘neonatal unit,’ ‘NICU’, ‘caregiving,’ ‘care,’ ‘behavioural response’, ‘physiological response’, and 

‘behavioural outcome,’ and ‘outcome’. Truncation (*) to find any extension of the search term was 

used across all databases, proximity searching was used (Nx) for PsychINFO and CINHAL and (Adjx) 

for MEDLINE (Table 1).   

 

The search engines identified 159 citations, 29 duplicates were found and removed, with an 

additional 27 articles sourced through a secondary citation search. After title and abstract review, 

120 articles were discarded as they were not associated with caregiving in the NICU or subsequent 

outcomes. Of the 37 articles assessed as eligible for full-text review, 21 were included for analysis. 

The PRISMA flow diagram (Figure 1) presents the literature screening process.  
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Table 1. Summary of Database Search 

Database Filters Search terms  Citations 
returned 
 

 
CINHAL 

 
1982-2020, 
English, Peer 
reviewed, 
full text 

 
Concept 1: ‘Intensive care units, neonatal’ [MeSH], OR 
‘neonatal unit*’ OR ‘NICU’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving’ OR ‘Nurse*’ [MeSH] N3 ‘care*’ 
Concept 3: ‘(behavi* OR physiolog*)’ N3 ‘(response* OR 
outcome*)’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

 
47 

PsychINFO Concept 1: ‘Neonatal intensive care’ [MeSH] OR 
‘neonatal unit*’ OR ‘NICU’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving’ OR ‘Nurse*’ [MeSH] N3 ‘care*’ 
Concept 3: ‘(behavi* OR physiolog*)’ N3 ‘(response* OR 
outcome*)’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

71 

MEDLINE Concept 1: ‘Intensive care units, neonatal’ [MeSH], OR 
‘neonatal unit*.mp’ OR ‘NICU.mp’ [MeSH] 
Concept 2: ‘Neonatal Intensive Care Nursing’ OR 
‘caregiving.mp’ OR ‘Nurse*’ [MeSH] adj3 ‘care*.mp’ 
Concept 3: ‘(behavi* OR physiolog*)’ adj3 ‘(response* 
OR outcome*).mp’ OR ‘temperament’ [MeSH] 
Combined key concept search: 1 AND 2 AND 3 
 

41 
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Figure 1. PRISMA flow diagram screening of articles for review  

FIGURE 1 
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RESULTS 

Data from the 21 studies are organised under Matrix headings, including year/author/date, setting, 

sample/gestational age, research design, measures and main findings (Garrard, 2017) (see Table 4). 

Nineteen of the studies collected data in the NICU, one study collected data  from both the NICU and 

postnatal unit in the maternity ward (Mörelius et al., 2006) and another from the postnatal unit only 

(Gunnar et al., 1995). Infant sample sizes ranged from 10 to 139 infants. The combined data 

explored the caregiving experience of 969 infants and 20 neonatal nurses. Research designs were 

mostly descriptive cross-sectional, but also included four randomised cross-over trials, three quasi-

experimental cross-over studies, two longitudinal randomised controlled trials, two longitudinal 

cohort studies, three observational studies and one qualitative study. The studies predominately 

used quantitative methods, focusing on collection and analysis of physiological data (heart rate, 

respiratory rate, oxygenation, salivary cortisol, vagal tone, pain score, and blood pressure) and 

behavioural responses (pain score, stress, infant state, temperament, social and emotional 

assessments) in relation to caregiving. Three major themes were identified in the synthesis of the 

data associated with caregiving in the neonatal setting: the burden of caregiving on infants’ 

physiological and behavioural responses; the effect of caregiving on longer-term outcomes; and 

factors contributing to the effects of caregiving , which comprised three categories – infant 

characteristics, nurse approaches to caregiving, and the effects of caregiving within a 

developmentally-supportive framework.  

 

The burden of caregiving on infants’ physiological and behavioural responses 

Seventeen of the studies explored infants’ physiological and behavioural responses to caregiving. 

Eleven studies reported both physiological and behavioural responses (Catelin et al., 2005; Comaru 

and Miura, 2009; de Freitas et al., 2018; Gunnar et al., 1995; Lee, 2002; Liaw et al., 2010; Liaw et al., 

2012a; Mörelius et al., 2006; Peters, 1998; Sizun et al., 2002; Zeiner et al., 2016), four studies 

reported physiological responses (Danford et al., 1983; Evans, 1991; Peters, 1992; Yung-Weng and 

Ying-Ju, 2004), and two studies reported behavioural responses only (Becker et al., 1993; Liaw et al., 

2012b).  

 

Caregiving was classified as either an individual procedure; nappy change (Comaru and Miura, 2009; 

Mörelius et al., 2006; Sizun et al., 2002; Yung-Weng and Ying-Ju, 2004), infant weighing (Catelin et 

al., 2005), bathing (de Freitas et al., 2018; Lee, 2002; Liaw et al., 2010; Peters, 1998), performing a 
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heel stick (Gunnar et al., 1995), unit-based standard care (Zeiner et al., 2016), or listed as 

interventions defined by the study (Becker et al., 1993; Danford et al., 1983; Peters, 1992), and in 

two studies classified as social, routine or intrusive (Liaw et al., 2012a; Liaw et al., 2012b). One study 

did not articulate caregiving type beyond ‘any nursing intervention that required tactile contact’ 

(Evans, 1991).  

 

Sixteen of the 17 studies found routine caregiving interventions were stressful for infants, showing 

adverse physiological or behavioural responses. The one study that found no significant changes in 

behavioural or physiological responses from baseline, reported a statistically non-significant increase 

in salivary cortisol related to caregiving (de Freitas et al., 2018). 

 

Four studies hypothesised that routine caregiving was painful and included pain assessments in their 

data.  All four studies found an increase in infant pain scores during routine caregiving involving 

nappy changing (Comaru and Miura, 2009; Mörelius et al., 2006; Sizun et al., 2002) or weighing 

(Catelin et al., 2005).  

 

The effect of caregiving on longer-term outcomes   

Four of the studies explored the effect of the NICU on outcomes beyond discharge, two within a 

developmentally-supportive framework. McAnulty et al (2009) reported improved self-regulation 

and autonomic, motor and state system organisation at two weeks of age and significantly higher 

Bayley score at 9 months of age related to goal directedness, attention span and motor muscle 

coordination in the developmental care intervention group.  Similarly, van der Paul et al (2008) 

reported that infants in the developmental care intervention group demonstrated better motivation 

and behavioural competence at 12 months.  

 

Two studies compared infant distress responses in the neonatal setting to later behavioural and 

emotional outcomes. Greater heart rate variability was linked to non-optimal temperament 

outcomes at 6 months (Gunnar et al, 1995) and 9 months (Poehlmann et al,2012). In addition, 

Gunnar et al. (1995) linked behavioural responses to heel stick in full-term, healthy neonates to later 

maternal reports of temperament.  
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Factors contributing to the effects of caregiving  

Factors contributing to the effects of caregiving were identified in study findings or noted by study 

authors (see Table 3). This theme comprised three components that at times over-lapped or were 

inter-related.    

 

Infant stability, vulnerability, and immaturity 

Several studies noted that infant stability, vulnerability and immaturity played a role in infant 

responses to caregiving, with some studies identifying severity of illness (Evans, 1991; Horns, 1998; 

Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006; Peters, 1998; Zeiner et al., 2016) and 

gestational age (Becker et al., 1993; Danford et al., 1983; Evans, 1991; Lee, 2002; Liaw et al., 2010; 

Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006; Peters, 1998; Yung-Weng and Ying-Ju, 

2004; Zeiner et al., 2016) as variables that influenced caregiving effects. However,  full-term healthy 

infants were also found to demonstrate pain responses during routine caregiving (Mörelius et al., 

2006) and a heel stick (Gunnar et al., 1995).   

Some studies found that gestational age and birth weight affected infant responses to caregiving.  

Gestational age effects to caregiving were identified in six studies (Becker et al., 1993; Catelin et al., 

2005; Liaw et al., 2010; Liaw et al., 2012a; Liaw et al., 2012b; Mörelius et al., 2006). Lower 

gestational age negatively influenced behavioural state transition (Becker et al., 1993; Liaw et al., 

2012b), the expression of grimace, fussing and crying responses (Liaw et al., 2010) and salivary 

cortisol responses (Mörelius et al., 2006). Increasing gestational age and post-menstrual age resulted 

in decreased startles, squirming and disorganised behaviour (Liaw et al., 2012a) and increased wake 

states (Liaw et al., 2012b). However, some studies found no similar infant pain and stress responses 

unrelated to gestational age (Catelin et al., 2005, Mörelius et al., 2006). Only a single study reported 

on the effect of birth weight, finding increased motor cues and attentional cues during stressful 

interventions in low-birth-weight infants (Zeiner et al., 2016).  

Nurse perceptions of caregiving effects 

Nurses’ understanding of infant physiological and behavioural states was noted to inform their 

individual approach to caregiving.  Studies by Liaw and colleagues (2010, 2012a) identified a link 

between nurse caregiver behaviours that included rough handling and intrusive caregiving and the 

effects on preterm infants. Only two studies evaluated nurses’ perceptions of caregiving as a study 

measure. Catelin et al. (2005) found no significant correlation between occurrence of the 

intervention (weighing), the infant’s pain score and nurses’ level of satisfaction with caregiving 
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within a developmentally-supportive framework. In a qualitative analysis of 20 experienced neonatal 

nurses’ perceptions of developmentally-supportive caregiving, Horns (1998) found infant 

physiological signs, perceived resilience during handling, infant behaviours, and complexity of the 

intervention, all contributed to nurses’ perception of infant stability. ‘Being-in-tune’ with the infant, 

delivering care that was contingent, protective and individualised, was dependent on both the 

infant’s stability and the nurse’s approach to caregiving. The author postulated the approach taken 

was likely influenced by the availability of other nurses to assist with caregiving tasks, past 

experiences, infant handling practices and the nurses’ understanding of infant behaviour.  

 

Effect of caregiving in a developmentally-supportive framework  

The effect of caregiving in a developmentally-supportive framework was explored in eight studies 

that compared routine caregiving to a developmentally-supportive caregiving model; three using 

NIDCAP (Catelin et al., 2005; McAnulty et al., 2009; Sizun et al., 2002), and five using study-specific 

models or comparison of developmentally-supportive interventions (Becker et al., 1993; Comaru and 

Miura, 2009; de Freitas et al., 2018; Liaw et al., 2010; Liaw et al., 2012b; van der Pal et al., 2008). 

Seven of these studies found that supportive caregiving positively influenced infant physiological or 

behavioural responses. One study (de Freitas et al., 2018) compared supportive bathing (swaddled) 

and traditional tub-bathing, and found no difference between groups in infant physiological or 

behavioural responses pre- or post-intervention. However, the authors reported that both groups 

showed an increase in salivary cortisol compared to baseline physiological functioning.   
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Table 3. Factors identified as contributing to infant caregiving effects 

Component 
 

Identified in study findings  Suggested as a contributing 
factor by study authors  
 

 
Infant stability, vulnerability, 
and immaturity  
(including illness severity) 
  

 
Becker et al 1993 
Danford et al 1983 
Evans 1991 
Horns 1998 
Lee 2002 
Liaw et al 2010 
Liaw et al 2012a 
Liaw et al 2012b 
Morelius et al 2006 
Peters 1992 
Peters 1998 
Zeiner et al 2016 
Weng and Chang 2004 
 

 
 

Individual nurse approach to 
caregiving based on infant  
physiological and/or 
behavioural responses  

Becker et al 1993 
Horns 1998 
Liaw et al 2010 
Liaw et al 2012a 
Liaw et al 2012b 
Peters 1998 
Weng and Chang 2004 
 

Danford et al 1983 
Peters 1992 
Lee 2002 
Evans 1991 

Caregiving in a 
developmentally-supportive 
framework 

Becker et al 1993 
Catelin et al 2005 
Comaru and Miura 2009 
McAnulty et al 2009 
Sizun et al 2002 
van der Paul et al 2008 
Liaw et al 2010 
Liaw et al 2012b 

Evans 1991 
Lee 2002 
Liaw et al 2012b 
Morelius et al 2006 
Peters 1992 
Peters 1998 
Weng and Chang 2004 
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LIMITATIONS OF STUDIES 

The studies included in this literature review have several limitations which potentially threaten the 

internal and external validity of the findings. There was a lack of consistency of measures used 

across studies to assess caregiving effects. The definition of developmental care and its components 

also varied, making comparisons difficult. Several studies did not assess the effect of caregiving 

during the intervention, only recording data pre- and post-event, limiting the conclusions that can be 

drawn from their findings (Comaru and Miura, 2009; de Freitas et al., 2018). Most studies consisted 

of small sample sizes (10- 50 infants). 

 

The interpretation of stress associated with caregiving varied depending on the study focus and year 

of publication. For example, some researchers reported a nappy change as tolerable (Peters, 1992) 

compared with other routine caregiving, while others who examined nappy change  in isolation 

described it as stressful and painful (Catelin et al., 2005; Mörelius et al., 2006). One of the studies 

had a recruitment period spanning 8 years which likely influenced the results as it may be assumed 

that caregiving practices changed during this period (McAnulty et al., 2009). Nineteen of the 22 

studies were published more than 5 years ago (ranging between 8 to 37 years), suggesting there is a 

lack of current research exploring the issue. Given that approaches to caregiving and staff 

knowledge of developmental care have changed since these studies were conducted translation of 

their findings in the current clinical context is limited. The mediating effect of parent engagement 

and infant-support during nurse-delivered caregiving was not explored in the studies reviewed. This 

is an under-researched aspect of developmentally-supportive care.  
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DISCUSSION 

The purpose of this integrative review was to explore what is known about nurse-delivered 

caregiving in the NICU with a focus on the physiological and behavioural effects and potential links 

to developmental outcomes. The evidence suggests that routine caregiving is not innocuous. 

Synthesis of the literature spanning 37 years shows there are immediate effects of caregiving, with 

research demonstrating altered physiological and behavioural responses, and links to longer-term 

outcomes.  

 

Nineteen studies reported immediate effects of caregiving in the neonatal setting, with responses 

indicative of stress. Four studies utilised pain assessment tools when evaluating responses to 

caregiving. Interestingly, these studies focused on common caregiving interventions that are 

generally considered innocuous; weighing or nappy change. Catelin et al (2005) found significantly 

lower pain scores in preterm infants who received environmental and behavioural support during 

weighing. Changing an infant’s nappy was among the caregiving interventions found to be both 

painful and stressful for preterm and term infants (Comaru and Miura, 2009; Mörelius et al., 2006; 

Sizun et al., 2002). This is a frequently experienced event for infants, particularly for infants with a 

prolonged NICU stay. It is well-documented that painful stimuli, such as heel stick and other similarly 

invasive interventions, precipitate stress responses (Relland et al., 2019) and strategies for 

minimising the effects of pain on neurodevelopmental outcomes have been widely-reported 

(American Academy of Pedaitrics., 2016; McPherson et al., 2020). As the literature review here 

indicates stress responses can also be linked to caregiving activities not generally recognised as 

painful for sick and preterm infants as well as full term infants in the NICU. Consequently, measures 

are often not implemented to minimise this impact.  Importantly, rather than the type of 

intervention, it appears that it is the manner in which the nurse delivers care that significantly 

affects the infant (Becker et al., 1993). Developmentally-supportive caregiving can result in 

immediate improvements in parasympathetic activity and self-regulation (De Rogalski Landrot et al., 

2007; Pressler et al., 2001). Exploring the way in which caregiving is delivered and the factors 

influencing its application is warranted.  

 

Initial research exploring the effects of caregiving likely coincided with the introduction of 

developmentally-supportive care. Yet only two studies conducted in the past five years examined 

the physiological and behavioural effects of this type of caregiving (de Freitas et al., 2018; Zeiner et 

al., 2016). The lack of recent studies in this area suggests the effects of caregiving may not be a 
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current research priority.  Perhaps this also reflects the challenges associated with this type of 

research, including access to resources and funding.  Consequently, the link to developmental 

outcomes is not yet fully explored. Of the twenty studies involving infants, only two looked at the 

longer-term effects of developmentally-supportive care beyond the NICU admission (McAnulty et al., 

2009; van der Pal et al., 2008). The findings of this review suggest it is important that future research 

explores both the immediate and longer-term effects of nurse-delivered caregiving, including the 

mediating influence of parents. 

The nature of the data used to evaluate the effects of caregiving is important, as infant’s stress 

responses in the NICU manifest across multiple systems (Gunnar et al., 1995). The inclusion of 

physiological data (heart rate, respiratory rate, oxygen saturation) allows the identification of stress 

responses in vulnerable infants who may not be capable of outwardly displaying behavioural state 

changes in response to stress (Zeiner et al., 2016). Combining both physiological and behavioural 

observations is recommended to evaluate the complexity of an infant’s stress response to a 

caregiving intervention (Zeiner et al., 2016). Yet, only half of the studies reported the combined 

physiological and behavioural effects of caregiving (Catelin et al., 2005; Comaru and Miura, 2009; de 

Freitas et al., 2018; Gunnar et al., 1995; Lee, 2002; Liaw et al., 2010; Liaw et al., 2012a; Mörelius et 

al., 2006; Peters, 1998; Sizun et al., 2002; Zeiner et al., 2016). Prematurity and prolonged exposure 

to stress in the NICU is thought to inhibit the parasympathetic arm of the ANS, accounting for 

greater variability in physiological responses to stimuli (De Rogalski Landrot et al., 2007). Promoting 

a set of standard behavioural and physiological variables to measure infant stress enables 

comparison of findings across studies. As physiological data is readily available at the bedside via 

continuous monitoring, nurse’s responsiveness to monitoring alerts as indicators of infant stress 

during caregiving could be incorporated in future research.  

 

This review incorporated literature exploring links between caregiving in the NICU and infant 

temperament and behavioural outcomes up to 12 months of age. Of the two studies that measured 

these parameters, both found a link between neonatal stress reactivity in the NICU and non-optimal 

outcomes for temperament and behaviour (Gunnar et al., 1995; Poehlmann et al., 2012). Despite the 

paucity of data, findings to-date suggest that temperament may be a useful measure for exploring 

relationships between infant responses during caregiving and longer-term developmental outcomes. 

An important component of infant behavioural state is self-regulation. An infant’s self-regulatory 

abilities develop over time and in response to the environment, consisting of active efforts on the 

part of the infant to regulate their autonomic functions, motor control, level of arousal and 
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availability for socialisation (Als, 1982; Als, 1989); with caregiver support promoting these self-

regulatory capacities (Feldman, 2009). The longer-term effects of poor self-regulation include sub-

optimal social and cognitive development ranging from difficult temperament to regulatory 

disorders (Feldman, 2009; Sidor et al., 2017), predictive of subsequent behavioural difficulties. 

Further research investigating links between stress responses in the NICU and infant temperament is 

warranted.  

 

Recommendations to modify caregiving based on study findings was highlighted in 18 of the  studies 

(Becker et al., 1993; Catelin et al., 2005; Comaru and Miura, 2009; Danford et al., 1983; Evans, 1991; 

Horns, 1998; Lee, 2002; Liaw et al., 2010; Liaw et al., 2012a; Liaw et al., 2012b; McAnulty et al., 2009; 

Mörelius et al., 2006; Peters, 1992; Peters, 1998; Sizun et al., 2002; van der Pal et al., 2008; Yung-

Weng and Ying-Ju, 2004; Zeiner et al., 2016). Suggestions to adapt caregiving could be broadly 

categorised into three taxonomies; the sensitive application of caregiving (Peters, 1998), 

identification of the infant’s individualised needs (Mörelius et al., 2006), and an understanding of the 

relationship between caregiver and infant (Liaw et al., 2010). It is difficult to modify nurse-delivered 

caregiving practices if little is known of what motivates the caregiver and influences the application 

of caregiving.  

 

While infant stability, vulnerability and immaturity, all of which can be related to gestational age, 

birth weight and severity of illness, were identified as factors contributing to caregiving effects, it 

appears that it is the nurses’ perceptions and responsivity to infant physiological and behavioural 

responses that play the greater role (Liaw et al., 2010; Liaw et al., 2012a).  Yet, only one study 

investigated nurses’ perceptions of infant responses to caregiving (Horns, 1998). Individual nurse 

approaches to caregiving and valuing of developmentally-supportive care are influenced by access to 

education, personal experience, and management or organisational support for care practices 

(Austin et al., 2019; Park and Kim, 2019). NICU nurses appear interested in implementing 

developmentally-supportive care, yet there is possibly a difference between declared and actual 

nurse behaviour, with this difference not well explained in the literature. Research has found that 

despite developmental care education and nurses acknowledgment of the need to implement 

practice components, change was often sporadic with a focus on environmental rather than 

behavioural modifications (Milette et al., 2005). The translation of best available evidence into 

improved health outcomes is a complex and iterative process that requires cultural, behavioural and 

practice change (Curtis et al., 2017). 
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Consistency in the application of nurse-delivered caregiving in the NICU remains a challenge (Gonya 

et al., 2019) and, as highlighted in this literature review, practices may not align with best practice 

principles. Whilst neonatal nurses, like all nurses, have a moral-ethical-professional obligation to 

provide compassionate, quality patient care (Faber, 2013), there are several factors that may 

influence the interface between the caregiver and the caregiving. The ethical ‘best interest 

principle’, is a surrogate decision-making model, unique to infants as they are reliant on others to 

make decisions in their interests (Spence, 2000). Nurse-delivered caregiving where it is necessary to 

undertake certain tasks and interventions to achieve the best outcome for the infant can be placed 

within this model (Spence, 2000). Nurses initiate and undertake activities to meet basic human 

needs and the more complex medical needs of infants in the NICU. Nurses’ personal and 

professional experience, how they view the infant and their perception of the infant’s clinical 

condition and potential long-term outcomes may all influence their caregiving interactions (Spence, 

2000). 

 

Research is needed to ascertain whether there is a gap between nurses’ perceptions of caregiving 

and the actual effects on the infant, and how this differentiates between caregiving performed to 

the infant and caregiving that is sensitively responsive to infant cues.  Caregiving has been described 

as a dance; partners (nurse-baby, baby-nurse) who are ‘in-tune’ adjust to each other to move in 

synchrony (Liaw et al., 2010). Evaluating how often caregivers are dancing the same dance to the 

same rhythm as the infant may help to explain immediate effects of caregiving and consequent 

longer-term developmental outcomes.  
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RELEVANCE TO CLINICAL PRACTICE 

Based on findings from this literature review caregiving interventions in the neonatal setting appear 

to have potentially adverse effects for infants, both immediate and long-term. It is essential that 

neonatal nurses understand the effects of caregiving, modify practices and are responsive to infants’ 

needs. Modification of caregiving practices to benefit the infant will require the commitment of 

individual nurses, managers, and education providers. Identifying the components of care in the 

neonatal setting that are linked to developmental outcomes is essential to minimise the potential 

lifelong impact of the NICU environment on infants and their families. 
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LIMITATIONS OF THIS REVIEW 

The main limitations of this review are that the search was limited to the English language and 

excluded publications before 1982. This has the potential to exclude relevant untranslated and older 

studies. However, given the changes in caregiving practices in neonatal settings since 1982 findings 

from studies prior to that date may no longer be relevant. The conceptualisation of this integrative 

review involving the linking of three concepts; nurse-delivered caregiving, the neonatal setting, and 

outcomes within the first 12 months of life, may also have excluded research.  Some studies 

removed through early screening were relevant to the broader body of knowledge in this area, but 

were not specific to the purpose of this review. The findings of this review were intended to identify 

the current state of knowledge and potential gaps in the literature, not to inform best practice 

guidelines. As such, the review does not include an assessment of the quality of the evidence. While 

this may be a limitation of the review and a source of potential bias, the review does highlight the 

need for further research on nurse-delivered caregiving in the NICU and its effects on infants.  
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CONCLUSION 

This literature review highlights the need for further research examining the physiological and 

behavioural effects of caregiving on infants in the NICU and the potential links to developmental 

outcomes. It is important to conduct research that looks beyond the immediate responses to 

caregiving. Capturing the cumulative effect within and beyond the NICU will ensure the overall 

impact of nurse-delivered caregiving is thoroughly evaluated. With this data, an individualised 

caregiving approach can be clearly articulated and the need for resources to buffer the effect of 

caregiving be effectively communicated to clinicians, families, administrators, and policymakers. 

Understanding the link between caregiving and developmental outcomes may strengthen the call for 

adequate staffing and education resources in the neonatal setting. To better understand neonatal 

nurse practices, future research must include nurses’ perceptions of the effects of caregiving when 

exploring the relationship between cause (caregiving approach) and effect (infant behaviours and 

physiology). This information will be used to modify practices that may be linked to longer-term 

morbidity of infants following an NICU admission.  
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

 
Becker et al 
1997 
(USA) 

 
NICU 

 
38 preterm 
infants;  
25-32 (mean 
28.3) 

 
Quasi-experimental cross-over 
design; each infant served as 
its own control during four 
caregiving sessions 

 
‘Caregiving 
tasks’ (not 
further 
detailed) 

 
Behavioural state, 
caregiver 
intervention, video 

 
Developmental caregiving 
supported behavioural state 
organisation by increasing sleep 
and drowsy periods with 
decreased fuss/cry time 
 

Catelin et al 
2005 
(France) 

NICU 45 infants; 
15, <32 
(mean 30.1) 
15, >32 -36 
(mean 34.2) 
15, >37 
(mean 39.1) 

Randomised cross-over 
comparison of three groups of 
infants across different 
gestational ages (very 
preterm, late preterm, term) 
during a developmentally-
supportive and not-supportive 
weight measurement. Infants 
were weighed twice in 24 
hours and served as their own 
control 
 

Weighing  HR, TCO2, NIPS, 
EDIN, NIRS, salivary 
cortisol, number of 
procedures, nurse’s 
satisfaction index, 
video 

Developmentally-supportive 
environmental and behavioural 
interventions decreased heart rate, 
pain and discomfort scores in 
preterm and term infants during 
weighing  

Comaru and 
Miura  
2009 
(Brazil) 

NICU 47 preterm 
infants; 
<35  

Randomised cross-over 
design, comparison of nest 
use during nappy change 
versus no nest, infants served 
as their own control 
 

Nappy change HR, SaO2, NIDCAP 
stress behaviours, 
distress score, pain 
score 
 

All infants displayed increased 
distress and pain scores during 
nappy changes despite postural 
support from a nest 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Danford et al 
1983 
(USA) 

NICU 36 infants; 
24-38  
 

Prospective observational 
design comparing term and 
preterm infants observed 
during invasive interventions 
or routine caregiving 
 

11 different 
types ranging 
from vital sign 
measurements, 
nappy change 
to heel stick 

TcPO2 Nearly all care-orientated stimuli 
resulted in a fall in oxygenation in 
50-100% of preterm infants  

 
 
de Freitas et 
al 2018 
(Brazil) 

 
 
NICU 

 
 
43 preterm 
infants; 
32-36 
22, (mean 
33) 
21, (mean 
34) 
 

 
 
Randomised cross-over design 
comparing two groups 
allocated to either swaddled 
or non-swaddled bathing 
technique, measures taken 
pre- and post-intervention 

 
 
Bathing 

 
 
HR, SaO2, axillary 
temperature, 
salivary cortisol, 
infant sleep wake 
state, video 

 
 
No significant differences in vital 
signs, salivary cortisol, or sleep 
wake state between the two 
groups. Salivary cortisol increased 
from baseline in both groups 
during the interventions  

Evans  
1991 
(USA) 

NICU 13 preterm 
infants; 
6, <30 
7, 30-33 
 

Prospective observational 
design, caregiving observed 
for one hour  

6 different 
types from 
vital signs, 
nappy change 
to suctioning 
 

TcPO2 Invasive and routine caregiving 
was associated with hypoxemia in 
the first 72 hours of life 

Gunnar et al 
1995 
(USA)  

Post-
natal 
unit 

50 full-term 
healthy 
infants; 
37-41 
 

Prospective longitudinal 
cohort, measures collected at 
mean 48 hours of age and 
temperament at 6 months  

Heel stick HR, vagal tone, 
behavioural state 
(Brazelton NBAS), 
salivary cortisol, 
IBQ 

Greater physiological and 
behavioural activity responses to a 
heel stick were related to maternal 
report of subdued temperament at 
6 months of age 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Horns  
1998 
(USA) 

NICU 20  
NICU 
experienced 
nurses 

Observational and focus group 
approach, observational 
technique used to develop 
questions for the focus group 
interviews 
 

Not applicable Focus group 
interviews 

Infant physiological stability and 
the nurse’s approach to caregiving 
impacted their perception of the 
infant’s responses 

Lee  
2002 
(South Korea) 
 

NICU 40 preterm 
infants; 
27-36 (mean 
33.1) 
 

Descriptive exploratory design 
examining the effects of 
sponge bathing (before, 
during and after) 

Sponge bathing HR, vagal tone, 
SaO2, behavioural 
states 

Sponge bathing of preterm infants 
was associated with a significantly 
increased HR and decreased vagal 
tone indicative of stress 

 
Liaw et al 
2010 
(Taiwan) 

 
NICU 

 
24 preterm 
infants; 
27-35 (mean 
30.3) 

 
Descriptive correlational 
design comparison of infants 
bathed by different nurses on 
different days 

 
Bathing 

 
Infant behaviour 
coding, nurse 
behaviour coding, 
video 
 

 
Supportive caregiving behaviours 
from nurses reduced infant stress 
and increased infant self-
regulation behaviours 

Liaw et al 
2012 (a) 
(Taiwan) 

NICU 30 preterm 
infants; 
27-36 (mean 
31.5) 

Prospective descriptive design 
with repeat measures and 
continuous video observation 
for three consecutive 24 hour 
periods 
 

49 caregiving 
activities 
classified as no 
caregiving, 
social 
interaction, 
routine 
caregiving, 
intrusive 
caregiving 
 

HR, RR, SaO2, NTISS, 
infant behaviour 
coding, NIDCAP 
regulation 
behaviours 

Occurrences of most infant stress-
related behaviours increased 
during stress-inducing caregiving  
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

Liaw et al 
2012 (b) 
(Taiwan) 

NICU 30 preterm 
infants; 
27-36 (mean 
31.5) 

Prospective descriptive design 
with repeat measures and 
continuous video observation 
for three consecutive 24 hour 
periods  
 

Classified as no 
caregiving, 
social 
interaction, 
routine 
caregiving, 
intrusive 
caregiving 
 

NTISS, infant 
behaviour coding, 
NICU caregiving 
and support 

Quiet sleep increased when infants 
received no caregiving, social 
interactions or NNS and were 
laterally positioned 

McAnulty et 
al 2009 
(USA) 

NICU 107 preterm 
infants: 
51 -control 
56 – NIDCAP; 
<29  
 

Longitudinal randomised 
control trial comparing 
standard care to NIDCAP care. 
Measures at 2 weeks 
corrected age and at 9 months 
corrected age 
 

‘Standard 
versus NIDCAP 
care’ not 
further defined 

2 weeks: APIB, 
Prechtl, EEG 
9 months: Bayley 
Scales of Infant 
Development 

NIDCAP care was associated with 
improved behavioural functioning 
at 2 weeks corrected and 
neurobehavioral functioning at 9 
months 

Mörelius et al 
2006 
(Sweden) 

NICU & 
postnatal 
unit 

39 NICU 
infants: 
23, <30  
16, >30  
and 30 full-
term healthy 
infants 
 

Prospective descriptive design 
with repeat measures,  
comparing  two NICU groups 
of different gestational age 
and a healthy full-term control 
group; pre-, during, and post-
routine nappy change  

Nappy change HR, SaO2, salivary 
cortisol, PIPP, NIPS 

Preterm and full-term infants 
demonstrated pain responses 
during routine nappy changes  

Peters  
1992 
(Canada)  

NICU 10 preterm 
infants; 
27-36 (mean 
29.9) 
 

Quasi-experimental repeat 
measure observation of 
caregiving over 3.5 days  

28 different 
types of care 
from ‘tender 
care’, 
weighing, 

HR, MABP, ICP, 
TcPO2, TcCO2, 
TcSaO2 

Frequent periods of hypoxia, 
hyperoxia and increased ICP 
responses occurred either during 
or up to 5 minutes after routine 
care 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

nappy change, 
heel stick, 
suctioning 
 

Peters  
1998  
(Canada)  

NICU 14 preterm 
infants; 
7, 28-29 
7, 30-31 
(overall 
mean 29)  
 

Prospective quasi-
experimental repeat measure, 
comparing two gestational age 
groups responses to sponge 
bathing, each infant served as 
own control 
 

Bathing HR, SaO2, NIDCAP 
behavioural state, 
video  

Disruption in physiological and 
behavioural responses occurred in 
all neonates throughout the 
bathing intervention, with higher 
state and activity levels post-bath 

Poehlmann et 
al ** 
2012 
(USA) 

NICU 109 preterm 
infants; 
23-36 (mean 
31.7) 

Prospective longitudinal 
cohort design, with baseline 
physiological measures in the 
NICU and repeat measures up 
to 36 months of age  
 

Not applicable  9 months: Vagal 
tone, parenting 
interaction 
(PCERA), LAB-TAB 

Temperamentally prone-to-
distress preterm infants exhibited 
more externalising problems with a 
‘critical style’ of parenting  

Sizun et al 
2002 
(France) 

NICU 19 preterm 
infants; 
27-31 (mean 
29.1) 

Prospective cross-over, infants 
randomly assigned to receive 
developmental care or no 
developmental care during 
intervention, each infant 
served as  
own control 
 

Nappy change HR, SaO2, PIPP, 
EDIN, video 

Developmentally-supportive care 
during a nappy change significantly 
reduced pain and distress scores 
and hypoxic events 

van der Pal et 
al  
2008*** 
 

NICU 139 preterm 
infants 
70, mean 
29.5  

Randomised control trial 
comparing groups of infants 
allocated to either 
environmental developmental 

Basic 
developmental 
care (incubator 
cover and nest) 

12 months: ITSEA, 
NOSI 

A basic form of environmental 
developmental care had a positive 
influence on child competence 
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Authors 
Publication 
date 
(Country) 

Setting  Sample  
Gestational 
age  
(range in 
weeks) * 
 

Research design Type of 
caregiving 
intervention 

Measures Main Findings 

(The 
Netherlands) 

69, mean 
29.1 
 

care or standard care; 
followed up to two years of 
age  
 

versus 
standard care  

behaviours at 12 months corrected 
age 

Yung-Weng 
and Ying-Jui  
2004 
(Taiwan) 

NICU 11 preterm 
infants 
27-36 (mean 
29.9) 

Prospective descriptive design 
with repeat measures; each 
infant was observed during a 
nappy change at four different 
times on different days 
 

Nappy change HR, SaO2, buttock 
lifting angle 

90% of nappy changes resulted in 
increased or decreased HR and 
decreased SaO2 for premature 
infants, with a recovery time up to 
10 minutes 

Zeiner et al 
2016 
(USA) 

NICU 30 preterm 
infants 
28-35 (mean 
32.7) 

Prospective observational 
design, during standard 
morning caregiving  
 

Temperature, 
nappy change 
and 
repositioning 

HR, RR, skin 
conductance 
responses, NIDCAP 
stress behaviours 

Stress responses significantly 
increased during care, with 
behavioural responses influenced 
by the infant’s severity of illness 

Table 4. Summary of articles included in literature review 
Abbreviations: APIB: Assessment of Preterm Infant’s Behaviour, BPSC: Baby Pediatric Symptom Checklist, Brazelton NBAS: Neonatal Behavioral Assessment 
Scale, EDIN: Échelle Douleur Inconfort Nouveau-Né, neonatal pain and discomfort scale, EEG: electroencephalogram, HR: heart rate, IBQ: Rothbart’s Infant 
Behavioural Questionnaire, ICP: Intracranial pressure, ICQ: Infant Characteristics Questionnaire, ITQ: Carey's Infant Temperament Questionnaire, ITSEA: 
Infant-Toddler Social and Emotional Assessment, LAB-TAB: Laboratory assessment of Temperament, MABP: Mean arterial blood pressure, NICU: neonatal 
intensive care unit, NIPS: Neonatal Infant Pain Scale, NIRS: Near-Infrared Spectroscopy, NOSI: Nijmegen Parenting Stress Index, NNNS: NICU Network 
Neurobehavioral Scale, NIDCAP: Newborn Individualised Developmental Care Assessment Program, NNS: non-nutritive sucking, NTISS: National Therapeutic 
Intervention Scoring System, PCERA: Parent Child Early Relational Assessment, PIPP: Premature Infant Pain Profile, Prechtl: Prechtl 
NeurologicalEexamination of the Full-term Newborn Infant, RR: respiratory rate, SaO2: oxygen saturation levels, TCO2: Transcutaneous carbon dioxide, 
TCPO2: Transcutaneous oxygen, TCM: Transcutaneous Monitoring, TcSaO2: Transcutaneous oxygen saturation.  
*      details of gestational age were not consistently available  
**   only results at 9 months are reported in this table 
*** only results at 12 months are reported in this table
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