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1. Abstract  

 

Prematurity is a challenge for preterm infants (PTI) and their parents. Due to their 

overall immaturity, PTI have inadequate responses towards stress and an increased risk for 

impaired neurodevelopment. The unfriendly acoustic environment at Neonatal Intensive Care 

Unit (NICU) causes physiological instability, disrupts sleep cycles, and hampers important 

auditory experiences. The use of music as therapy in this population has been under research 

for decades with promising results so far. This narrative review aimed to summarize the effects 

of music on PTI and their parents at NICU, analyzing studies that were further classified as 

using music therapy (MT) or musical stimulation (MS), according to the intervention described. 

This review emphasizes the potential benefits of music as a complementary therapy at NICU, 

with positive impact on many clinical aspects, such as vital signs, sleep quality, 

neurodevelopment and growth, and an important influence on parent-infant bonding. 

Moreover, this review highlights MT for the consistency of positive results and the importance 

of an individualized approach. Future studies should investigate the effects of MT and MS 

interventions on NICU PTI based on their characteristics, trying to understand what fits best 

each situation, and aiming to stablish some formal recommendations. 

Keywords: music; music therapy; premature infants; neonatal intensive care unit; 

newborn 
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2. Resumo 

 

A prematuridade constitui um desafio para os recém-nascidos prematuros e para os 

pais. Devido à sua imaturidade, estes recém-nascidos apresentam respostas inadequadas ao 

stress e um maior risco de patologias do neurodesenvolvimento. O ambiente acústico hostil 

na Unidade de Cuidados Intensivos Neonatais provoca instabilidade fisiológica, perturba os 

ciclos de sono e impede experiências auditivas importantes. O uso da música como terapia 

nesta população tem sido estudado há décadas e com resultados promissores até ao 

momento. Esta revisão narrativa teve como objetivo sumariar os efeitos da música em recém-

nascidos prematuros e nos pais durante a permanência na Unidade de Cuidados Intensivos 

Neonatais, analisando estudos cuja abordagem foi, posteriormente, classificada como 

musicoterapia ou estimulação musical, de acordo com a intervenção descrita. Esta revisão 

enfatiza os potenciais benefícios da música enquanto terapia complementar nestas unidades, 

com impacto positivo em vários parâmetros clínicos, como sinais vitais, qualidade do sono, 

neurodesenvolvimento e crescimento, e uma influência importante na relação entre os pais e 

o recém-nascido prematuro. Ademais, esta revisão sublinha a consistência dos resultados 

positivos em relação à musicoterapia e a importância de uma abordagem individualizada. 

Investigações futuras devem avaliar os efeitos da musicoterapia e da estimulação musical nos 

recém-nascidos prematuros durante o internamento na Unidade de Cuidados Intensivos 

Neonatais com base nas suas características, tentando compreender o que melhor se aplica 

em cada caso, e com o objetivo de estabelecer algumas recomendações formais. 

Palavras-passe: música; musicoterapia; prematuros; unidade de cuidados intensivos 

neonatais; recém-nascido 
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3. Introduction 

 

Over the last decades, advances in obstetric and neonatal care led to an increase of 

overall survival of PTI. However, these improvements brought other challenges. The 

population of ex-preterms increased and pediatricians are facing more often with problems 

related to prematurity, such as neurodevelopmental morbidities.1 Thereby, interest concerning 

neurodevelopment long-term impairment in PTI has been growing and, consequently, related 

neurodevelopment follow-up and early intervention are important points of concern.2 

Prematurity – or preterm birth - is defined as the birth of an infant born alive before 37 

weeks of pregnancy completed and is divided into extremely preterm (<28 weeks of gestation), 

very preterm (28-32 weeks of gestation) and moderate to late preterm (32-37 weeks of 

gestation).3 PTI have an increased risk for neurological deficits, conditioned by the functional 

and structural modifications their brains go through between 24-40 weeks of gestation, a highly 

important period for neurodevelopment, that is disrupted by premature birth.4,5 The risk of major 

disability increases with decreasing gestational age (GA), being the group of extremely and 

very preterm infants at higher risk compared to moderate to late preterm.6 Besides GA, birth 

weight, male gender and structural changes of the brain are other predictors of poor 

neurological outcome.7  

Concerning hearing, PTI miss out on an important opportunity for auditory experiences 

in the uterus.8 The intrauterine ambient is characterized by the presence of constant, periodic 

sounds as the mother’s voice and her heartbeats.9 Suddenly, these familiar pleasant sounds 

are replaced by unpredictable loud noises and alarms of medical equipment in the NICU 

environment.10 There is great evidence that this has a negative effect on auditory development 

and language development on the long term.11,12 

Other than prenatal and natal risk factors, PTI sometimes face other challenges during 

NICU hospitalization such as mechanical ventilation, bronchopulmonary dysplasia, brain 

injury, infection and treatments, such as postnatal corticosteroids and inotropes, that had been 

related to poor neurodevelopment outcomes (Fig. 1).13-22 Besides that, noise and bright lights 

exposure, frequent manipulation to evaluate clinical status or to perform routine care and 

painful invasive life-saving procedures causes overstimulation of PTI.10,23,24 This can be 

perceived as an aggression and lead to physiologic responses – apnea, bradycardia, 

decreased peripheral oxygen saturation (SpO2) and rising of stress hormones.13 The normal 

architecture of sleep can be disrupted, with shorter REM periods. This influences various 

systems – metabolic, immune, and cardiovascular – and compromises weight gain. In this 
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period of life, assuring quality of sleep is also crucial for neural plasticity and brain 

development.25 

 

Figure 1. Risk factors for neurodevelopmental poor outcomes in premature infants.  

 

The postnatal period of a PTI can also be a stressful and difficult challenge for their 

parents. The premature birth of a child, the unreadiness, the feeling that they are not able to 

attend to their child’s needs without help of a primary care professional can be rather 

traumatizing. Parents often handle their worries about their children’s health condition, while 

facing these feelings of insecurity, fear, guilt, and stress on their own.26-29 Mothers of PTI have 

higher risk of developing anxiety disorders and post-partum depression, and some studies 

point out that 20% of parents still show signs of stress one year after their stay at the NICU.30,31 

On the other hand, mother’s privation can also be stressful for the infant.32,33 Prematurity and 

the prolonged stay at NICU act as barriers to the natural process of mother-child bonding.34 

These biological and other socio-economic aspects, that are present from prenatal period and 

through life, are also known to have an impact in brain development and should not be 

neglected.32-34 
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In a time when there is an extended knowledge on this subject and in advanced medical 

care, allowing PTI with lower GA to survive and thrive, the role of complementary therapies, 

able to improve clinical outcomes and decrease risk of developing deficits or health issues, is 

increasingly important.  

MT is an emerging intervention that has been studied for decades. MT, in general, is 

defined by the World Federation of Music Therapy as the “professional use of music and its 

elements as an intervention in medical, educational, and everyday environments with 

individuals, groups, families, or communities who seek to optimize their quality of life and 

improve their physical, social, communicative, emotional, intellectual, and spiritual health and 

wellbeing”.35 There are a few reasons that make music an intuitive therapy to implement in this 

period. First, auditory development begins quite early, during the third trimester of pregnancy.36 

Infants’ hearing structures and neural pathways are in place and completely functional at 28 

weeks of gestation.37 Also, research shows that as early as 32 weeks of gestation, there is 

already an ability to understand and remember auditory stimuli, such as the mother’s voice.38 

Secondly, the communication between the infant and the mother has, on its own, an intrinsic 

“musicality” - prosody -, a spontaneous characteristic of speech.39 Finally, music can neutralize 

the overstimulation of the NICU, creating a soothing environment that benefits the infants and 

nurtures the parent-infant relationship.40  

However, this definition narrows the spectrum of interventions that can fit into the 

concept of MT, since many of the already described on the literature are not conducted by a 

qualified therapist. The presence of a trained professional allows the session to be carefully 

adapted to the infant, attending to its specific needs and providing an individualized 

approach.41 There is increasing evidence recommending the use of qualified therapists. 

Having this in mind, for the purpose of this study, we will define MS as all interventions that 

are not planned or executed by a music therapist.    

In this narrative review, we aim to collect and summarize evidence on the application 

of music on PTI and their parents in the NICU, from 2000 to 2022. We intend to explore the 

different approaches and highlight their advantages and disadvantages. By doing so, we hope 

to conclude on whether music should be a part of NICU’s clinical practice.  
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4. Methods 

 

This narrative review is based on a thorough literature search of the Medical Subject 

Headings (MeSH) terms in PubMed/Medline, on National Library of Medicine (NIH), Cumulated 

Index to Nursing and Allied Health Literature (CINAHL) and Embase databases, between june 

2022 and december 2022. The MeSH terms Music OR Music Therapy AND Preterm Infants 

AND Neonatal Intensive Care Unit were used in this research. These terms were also 

combined with secondary terms in order to refine the results, such as Vital Signs OR Blood 

Pressure OR Heart Rate OR Respiratory Rate OR Body Temperature OR Sleep OR Growth 

OR Development OR Developmental Disabilities OR Behavior Problems OR Feeding 

Problems OR Pain Management OR Parent-child Relations OR Mother-child Relations OR 

Maternal-fetal Relations. This research included publications between 2000 and 2022. 

It should be mentioned that no articles written in Portuguese or Spanish were found; 

therefore, only articles written in English were retrieved in this study.  Furthermore, systematic 

and narrative reviews, observational studies, medical books and other relevant sources were 

included, followed by the exclusion of incomplete papers. The abstracts of identified articles 

were assessed for relevance, along with screening of their references for further relevant 

publications. Studies regarding multimodal approaches, in which the part of music/music 

therapy could not be isolated from other interventions were excluded.    

Finally, the included studies were further classified into the categories of MT - when 

containing the intervention of a music therapist and an individualized approach - or MS - when 

planned by other health professionals or researchers, in a standardized way.   
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5.  Discussion 

 

5.1. Physiological parameters  

 

The acoustic environment at NICU triggers negative physiological responses on PTI 

that can result in adverse clinical status, such as apnea, bradycardia and decreased 

SpO2.13,23,42,43 In these stress-related states, there is a relative dominance of the sympathetic 

over parasympathetic nervous system.44 Music antagonizes this dominance by restoring 

sympathetic-parasympathetic balance.44-46  

There are conflicting results on the effect of music on physiological parameters. Dora 

et al found positive effects on heart rate (HR), respiratory rate (RR) and SpO2, while comparing 

white noise and lullabies groups to control.47 As for Namjoo et al, none of these registered a 

significant difference, despite the use of live and recorded music. This may be due to the 

heterogeneity within these studies.48 They address different approaches (MT versus MS), 

diverge on the number, frequency and duration of music sessions, and vary on participants’ 

inclusion criteria (GA, birthweight, clinical status, etc.).49-51  

However, considering the studies included, MT was more consistent on positive results 

regarding physiological outcomes. Lowey et al investigated the effect of Gato-box and Ocean 

Disc on vital signs, under the principles of the First Sounds Rhythm-Breath-Lullaby (RBL) 

model.52 The RBL model is based in the notion of entrainment – an habituation response to 

external stimuli that allows infants to synchronize their physiological rhythms – and focuses on 

entraining PTI’s vital rhythms through music, allowing them to self-regulate.52 Gato-box and 

Ocean Disc are two instruments designed to take part on music therapy sessions. Ocean Disc 

is a metallic instrument that simulates maternal heartbeats – the “whoosh”-like sound of the 

placenta – and is played to mirror the infants’ breathing patterns. Gato-box, on the other hand, 

is a wooden box played to entrain the infant’s heartbeat.52,53 The music therapist plays these 

instruments in conformity with the PTI’s vitals and infants respond back by adapting to the 

stimulus. When subjected to this therapy, PTI showed stabled HR and increased SpO2, 

making it clear that the approach reached its purpose of enhancing infants’ self-regulation and 

physiological stability.52 Later, Lowey corroborated these same results by using “Twinkle” or 

the “song of kin” lullabies.53 The “song of kin” consists of the use of lullabies selected by 

parents, reflecting their familiar and cultural heritage into more personalized interventions.53 

Varisco et al reported less HR variability in PTI that were sung to by parents, which is a sign 

of stability and illustrates a parasympathetic-sympathetic balance.54 These findings were 

confirmed by systematic reviews that emphasized the importance of having a music therapist 
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involved.49,51 Costa et al underlined that it could also be interesting to evaluate long-term 

physiological effects in future studies.49 

Negative results were more often found in MS studies and studies involving infants 

suffering from clinical conditions that affect their stability, such as brain injury.55-57 

 

5.2. Pain management 

 

PTI hospitalized at NICU are frequently submitted to painful procedures that can 

influence their physiological parameters and behavioral states. Their neurological immaturity 

makes them susceptible for long-term effects of pain, which highlights the importance of pain 

management in this period.58  

Mozart’s music has shown to be safe and effective in controlling pain during heel-lance 

procedures.58 Bergomi et al theorized that this effect is maybe due to the repetition of melodic 

lines exclusively found in Mozart’s music when compared to other compositors. The periodicity 

on the melody mimics physiological body function and is, therefore, enjoyed by the brain.58 

Similar results were found in later publications, which attested a positive effect of music on 

pain management.59 Music and white noise groups scored significantly less on pain scales 

when compared to control groups. It is thought that this analgesic effect results from the 

release of endorphins, which antagonizes sympathetic system responses during pain.59   

As for studies involving the influence of MT interventions on pain, Costa et al identified 

positive effects on PTI undergoing retinopathy examinations.49 Only one study failed to identify 

positive effects on pain scores.51 

 

5.3. Growth, feeding and hospitalization time  

 

Weight gain is a positive sign of growth, especially on PTI, and is usually associated 

with a decreased length of hospitalization. The healthy term infant is able to do coordinated 

suck-swallow-breath movements that make oral feeding viable with minimal repercussions on 

HR or respiration outcomes. Also, due to their organized behavioral states, feeding-related 

signs are more easily read by caregivers.60 When it comes to PTI, neurological immaturity 

produces uncoordinated sucking movements and altered behavioral states, which results in 

cardiorespiratory impairment. Energy spent on nutritive sucking decreases SpO2 and 

consumes calories, which results in weight loss.60 
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Non-nutritive sucking is used to promote sucking behaviors and has substantial effects 

on encouraging full oral feeding, reducing the length of hospital stay.61  Based on these 

principles, Standley et al developed the Pacifier Activated Lullaby (PAL), an equipment that 

stimulates continuous sucking behaviors by activating a set of selected lullabies, making the 

presentation of music contingent to the sucking behavior.60,62,63 They verified that PAL reduced 

the length of gavage feeding, especially in infants >34 weeks of gestation, when they are 

thought to be neurologically ready for nipple feeding.60 This is, however, contradicted by 

following studies suggesting that the most benefit is found on infants prior to 30 weeks of 

gestation.64 PAL also improved the subsequent rate of nipple feeding on PTI – and the more 

they practiced, the more they seemed to get it.62 The sucking rate was two times higher in the 

group using PAL, which not only confirms the hypothesis of discrimination between on/off 

condition, but also shows that infants seek this stimuli.63 Therefore, music acts as a powerful 

reinforcement to non-nutritive sucking behaviors.  

A pilot study attested that Mozart’s music had a meaningful reduction on resting energy 

expenditure.65 Although the mechanisms involved are not entirely clear yet and resting energy 

expenditure is only a component of all energy expenditure, these findings might suggest that 

music can increase metabolic efficiency and improve weight gain.65 

Although most studies included in this category involved MS approaches, MT seems 

to be equally effective: maternal lullaby singing increased weight gain and reduced length of 

stay by ten days when compared to control group.55 Positive results were also achieved with 

Gato-box therapy, which stimulated sucking behaviors as well.52 This is in line with the analysis 

of systematic reviews and proposes that music can be a powerful tool to improve sucking ability 

and to stimulate nipple feeding, increasing weight gain and, consequently, reducing the length 

of NICU stay.51,66  

 

5.4. Neurodevelopment and behavioral state 

 

PTI have an increased risk for developing structural and functional network alterations, 

which translates into deficits in neurological outcomes.2  

Lordier et al used resting state functional magnetic resonance imaging to investigate 

the influence of Mozart’s music on a previously defined neuronal pathway of interest, thought 

to be affected by premature birth.2 This circuitry of interest included the salience network, that 

takes part on complex brain functions such as communication and integration of sensory, 

emotional, and cognitive information.67 Compared to the control group, the music group 
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displayed significantly higher functional connectivity in connections involving auditory, 

sensorimotor and medial superior frontal networks. This means that listening to music during 

NICU stay enhances sensory perception and improves the capacity to detect and respond to 

salient stimuli. They also found that there was an increased activity involving the primary 

auditory cortex in infants who were listening to previously heard music, which corroborates the 

development of familiarity processing and suggests that they are already able to identify and 

remember auditory stimuli.2  

Recent publications are in line with these findings. Ren et al demonstrated that PTI are 

not only capable of processing different musical features - such as timbre, tone, and rhythm – 

but also that each feature stimulates different functional areas.68 Timbre and tone activate the 

prefrontal cortex, involved in high-order cognitive functions such as working memory and 

planning. Rhythm, on the other hand, is associated with improved function of the auditory 

cortex, Broca’s area and premotor cortex, important areas for future processing of language 

and cognition. Finally, timbre alone was proven to stimulate the primary somatosensitive 

cortex, the superior frontal gyrus and the postcentral gyrus, suggesting that music can 

encourage motor behaviors. Although these changes were observed, long-term musical 

interventions are recommended to achieve permanent effects on cerebral functional 

connectivity.68   

Another study stated that after three weeks of MS, participants exhibited a marked 

improvement on their activity, displaying more limb movements.69 To assess infants motor 

performance, the Test of Infant Motor Performance (TIMP) and Infant Neurological 

International Battery (INFANIB) scales were used.69 TIMP is a standardized test, developed to 

identify neuromotor disturbances and to assess the efficacy of physical and occupational 

therapies. Among other parameters, it evaluates the motor response during different 

movements and postures, as well as the infant’s attention to visual and auditory stimuli. 

INFANIB is another tool used for the assessment of neuromotor development. It assesses 

posture, extremity and axial tone, primitive reflexes, and postural reaction.69 Their higher 

scores and the fact that these infants turned their heads towards the source of music during 

the intervention suggest that music exposure may improve their state of alertness and create 

a habituation response to this kind of stimulation, inducing them to explore their surroundings.69  

These results on neurodevelopment seem to be achieved through music independently 

of the type of intervention. A recent pilot study assessing the impact of MT on this topic showed 

great results as well, with 9 in 10 infants showing improved general movement scores while 

being sung to by parents or being played MT instruments – Ocean Disc and Gato box – under 

the RBL principles.70  
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Although there is a lot of evidence supporting the use of music for achieving 

neurodevelopmental outcomes, it becomes a less obvious choice when it comes to improve 

the infant’s behavioral status. In most studies, the infant’s behavioral state is assessed through 

the application of several scales, the most common being a 6-point behavioral scale, that 

distinguishes between “quiet sleep” (state 1), “active sleep” (state 2), “drowsy” (state 3), “quiet 

awake” (state 4), “active awake” (state 5) and “crying” (state 6). Two meta-analyses concluded 

that there were no immediate or short-term positive effects on behavioral outcomes, which was 

confirmed by a subsequent clinical trial.50,51,71 We should, however, point out that most negative 

results came from studies where the intervention consisted of MS. As for MT, it showed to be 

beneficial even if applied for a short period of time (~30 minutes).46 The infants’ clinical status 

seems to be determinant on how the therapy is received as well, since PTI with severe brain 

injuries didn’t benefit with MT.57 

MS had great impact on infants displaying inconsolable crying – a crying period that 

lasts longer than five minutes and continues despite nursing interventions – which was less 

frequent and five times less durable in the intervention group.72 

 

5.5. Sleep  
 

Sleep plays an important role on development, especially during the first year of life. A 

good nighttime sleep diminishes the number of awakenings and, thus, the disturbances they 

cause.48 A significant organization of sleep occurs during the last trimester of pregnancy, in 

which occurs the differentiation of two distinct sleep states – active (AS) and quiet sleep (QS). 

PTI’s sleep states are characterized by increased “indeterminate sleep” and “transitional 

sleep”. These segments are sleeping periods in which behavioral and electroencephalogram 

features do not match entirely the definition of AS or QS, revealing immaturity.73 

Recorded music has demonstrated its positive effects on sleep, increasing the mean 

duration of nighttime sleep, when compared to live intervention and control groups.48 Although 

it hasn’t reached statistical significancy, a trend to more mature sleep-wake cycles was 

reported with MS interventions, suggesting that there might be a small effect of music on QS.74 

Mature sleep-wake cycles are a sign of neurological integrity, they are present in healthy term 

infants and, therefore, considered a good prognostic sign.73,75 

Regarding MT interventions, there were positive effects as well. In a study comparing 

the effects of a default lullaby – “Twinkle” – with the “song of kin” and control groups, there was 

a rise in the percentage of sleep time after two weeks of therapy in the lullaby group.53 On the 

other hand, the “song of kin” revealed an important effect on sleep patterns on infants 
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diagnosed with sepsis.53 Another study, using the RBL principles, found a statistically 

significant increase on overall sleep quality over two weeks using the Ocean Disc. The group 

using Ocean Disc got 95.7% AS time, comparing to the 71.1% AS time on control group.52 This 

is extremely relevant since REM periods generate spontaneous activity, which is vital for 

organization of central nervous system circuits and somatotopic maps.76 Animal experiments 

have shown that lack of REM sleep during early stages of development can lead to behavioral 

problems.77 Given its importance on neuronal restitution, body temperature regulation and 

energy saving, sleep is the most important behavioral state for newborns, especially PTI, so 

it’s essential to assure a good quality sleep in this population.78-81  

 

5.6. Parent-infant bonding and maternal anxiety 
 

The premature birth of a child can be a stressful and disturbing moment for parents.82 

The reality of an early birth, the NICU environment and the perception that they cannot properly 

care for their child make parents develop feelings of helplessness and guilt.26,83 Reports show 

that mothers of PTI are more likely to develop post-partum depression and anxiety for months 

or years after being discharged from NICU.28,30  These disorders make them less sensitive to 

their child’s interaction signals, compromising the infants’ nutrition, growth and 

neurodevelopment, and also hampering their connection.84-86 Besides that, early separation 

from the mother affects oxytocin system, impacting long-term infants’ prosocial behaviors.87  

Literature is very consensual about the use of music to prevent maternal anxiety and 

depression and promote parent-infant bonding. Watching their babies display positive 

reactions - such as smiling and eye opening - while listening to music, made parents feel like 

they could relax as well.88,89 When compared to control groups, mothers on the MT group had 

less incidence of post-partum depression and anxiety.55,56,90,91 Parents’ well-being 

automatically made them more available to sense and entrain the infants’ breathing rhythm, 

while experiencing the positive effects of music themselves, creating moments of true 

connection and intimacy.87,92 

By allowing mothers to relax, music increased breast milk secretion, the best nutrition 

for newborns.93,94 Beyond its antioxidant properties, breast milk is rich in cholesterol, crucial 

for myelination. Breast fed PTI have 20% less risk of dying when compared to those not breast 

fed.95 The act of breast feeding itself is also a propitious moment for mother-infant interaction 

– improving its efficiency is enhancing mother-infant bonding.93,94 



17 
 

Although there are positive effects with both MS and MT, there seems to be a huge 

advantage on MT, related to the intervention of a music therapist. Their guidance through all 

sessions gave parents a better understanding of their child and how to properly interact with 

him.89 Beyond that, it provided empathetic listening to mothers and created a safe space for 

parents to express themselves, while developing intrinsic parental skills and sharing a special 

moment with their child. Haslbeck et al stated that most parents strongly recommended music 

as a complementary therapy in the NICU, without having to be directly questioned about it.92 

For its ability on creating a peaceful atmosphere, many parents reported that music continued 

to accompany them on their everyday lives, helping them to soothe their baby through the 

hardest times.89 

There’s no such clear benefit on infants with severe brain injury. Studies involving this 

population have not reached statistical significance for improving maternal anxiety and 

promoting bonding.57 This might be related with these infant’s inherent physiological and 

behavioral instability and the negative impact this has on parents. Their anxiety about their 

children’s condition makes it difficult to freely sing and adapt to their child and to the therapy.57 

MT interventions should be studied and modified to meet these infants’ characteristics and 

needs. 

Longer intervention periods are also recommended to assure a positive effect.96 

 

5.7. Music therapy versus musical stimulation  
 

Music has a positive impact on all aspects of PTIs development, with decades of 

literature supporting its implementation as a complementary therapy at NICU (Table 1). 

Although both MT and MS have shown their strengths through the many branches of 

development, MT was more consistent on positive results and had a clear vantage on 

physiological parameters and parent-infant bonding. MT constitutes an individualized 

approach, tailored to meet each infant´s characteristics and needs. This makes all sense in an 

era when we are starting to understand that Medicine is not “one size fits all”. The presence of 

the music therapist is a key feature.49,51,89 Their function is to plan and guide MT sessions, 

adapting musical stimuli to the infants’ reactions and vitals. They allow parents to better 

understand their child’s needs and how to interact properly.89 MT teaches parents how to 

entrain the infant’s physiological rhythms, allowing infants to connect with their surroundings 

and to self-regulate. More than a therapy for PTI, it certainly addresses parent’s needs as well, 

providing empathetic support and allowing them to ease their minds through a hard time. It is, 

therefore, a family-centered therapy.   



18 
 

Table1. Summary of the reported main benefits of music on PTI and parents during NICU stay. 

AS: active sleep; HR: heart rate; NICU: neonatal intensive care unit; RR: respiratory rate; SpO2: 

peripheral oxygen saturation 

 

5.8. Recommendations for future studies and clinical practice 

 

Most studies revealed promising results regarding music interventions on NICU infants 

and parents, but the heterogeneity related to the quality of the studies and methodology used 

(sample of patients, type and time of intervention, outcome measures), makes it difficult to 

establish formal recommendations in this context. However, music can be considered a 

complementary therapy as part of a patient-centered approach, which offers the sense of 

Clinical variables Reported effects  

 

Physiological 

parameters 
Stabilizes HR, RR and SpO2 

Pain management 

Reduces pain during painful procedures, such as heel-lance procedures and 

retinopathy examinations  

Improves overall pain control  

Growth, feeding and 

hospitalization time 

Reduces the length of gavage feeding  

Stimulates sucking behaviors  

Improves the rate of nipple feeding  

Reduces resting energy expenditure 

Increases weight gain 

Reduces length of stay at NICU  

Neurodevelopment 

and behavioral state 

Enhances sensory perception  

Improves detection and response to salient stimuli 

Stimulates future cognitive functions: working memory, planning, language 

and cognition 

Encourages motor behaviors 

Improves state of alertness and stimulates the exploration of the surroundings 

Decreases both frequency and durability of inconsolable crying 

Sleep 

Increases duration of nighttime sleep 

Increases overall percentage of sleep time  

Improves sleep patterns on infants diagnosed with sepsis 

Increases overall quality of sleep (increasing AS time)  

Parent-infant bonding 

and maternal anxiety 

Decreases incidence of maternal anxiety and postpartum depression  

Creates moments of connection and intimacy 

Increases breast milk secretion 

Improves parental understanding about the infant’s needs and stimulates 

parent-infant interaction 

Allows parents to better express themselves  
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comfort and satisfaction to the PTI and parents, in addition to being low cost, non-invasive and 

easy to implement.  

Even if none of the included studies reported signs of PTI’s overstimulation during 

exposure to music, it’s important that future studies and clinical practice follow 

recommendations on noise level limits. According to Sociedade Portuguesa de Neonatologia, 

sound levels >45 decibel should be considered harmful and transitory sounds should never 

exceed 65 decibel.97 This way, NICU acoustic ambient supports physiologic stability and sleep 

quality, intelligible verbal communication and communication between parents and health care 

professionals.97 

Future studies should address the effects of music on different GA, birthweights and 

underlying diseases, such as brain injury and its sequels. They should also compare both MS 

and MT, helping to understand which intervention suits better each situation and establish 

some clinical practice guidelines, if possible.  

Finally, at the moment, the LongSTEP study is in course. It’s an international, 

multicentre, assessor-blind, pragmatic randomized controlled trial designed to evaluate long-

term effects of MT on PTI and their parents at NICU and/or after discharge, across a 12-month 

period.98 By applying previously studied and tested models, such as RBL, LongSTEP focuses 

on studying the long-term effects of parental singing on parent-infant bonding, PTI’s general 

and socioemotional development and parental symptoms of depression, anxiety and stress.98 

Furthermore, it intends to examine medical and social factors, such as socioeconomic status, 

that may be associated with the effects of MT. Its results will allow us to understand in which 

way can MT be used to promote these infants’ development and improve parental 

psychological outcomes, not only at NICU but throughout their lives.   
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6. Conclusion 

 

The NICU stay is a challenging time for PTI and their parents. Music has proven to be 

a powerful complementary therapy, improving physiological and developmental outcomes and 

nurturing parent-infant relationships. MT was consistently better on positive results when 

compared to MS, especially on physiological parameters and parent-infant bonding. Its key 

feature is the presence of a music therapist, adapting interventions to meet both the infants’ 

and the parents’ needs. Future studies should address the effects of both interventions on 

different GA, birthweights and underlying diseases, to understand what fits best each situation. 

Music is a great asset for clinical practice at NICU. If there are obstacles on prematurity, music 

is certainly one way to try and overcome them. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

7. Acknowledgments 

 

I thank Ana Ferraz, M.D., from whom I got my affection for Pediatrics, and Inês Nunes 

Vicente, M.D., at Pediatric Hospital, Coimbra Hospital and University Centre, for the help 

provided on completing and rectifying this review.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



22 
 

8. References 

 

1. Discenza D. Prematures and Feeding Therapy: New Lullaby-Powered Research. 

Neonatal Network. 2013;32(6):429-30. DOI: 10.1891/0730-0832.32.6.429 

2. Lordier L, Meskaldji DE, Grouiller F, Pittet MP, Vollenweider A, Vasung L, et al. Music 

in premature infants enhances high-level cognitive brain networks. Proceedings of the 

National Academy of Sciences of the United States of America. 2019;116(24):12103-

8. DOI: 10.1073/pnas.1817536116  

3. World Health Organization. Preterm birth [document on the internet]. 2022 [updated 

2022 november 14; cited on november 30]. Available from: https://www.who.int/news-

room/fact-sheets/detail/preterm-birth 

4. Pickler RH, McGrath JM, Reyna BA, McCain N, Lewis M, Cone S, et al. A model of 

neurodevelopmental risk and protection for preterm infants. Journal of Perinatal and 

Neonatal Nursing. 2010;24(4):356–65. DOI: 10.1097/JPN.0b013e3181fb1e70 

5. Volpe JJ. Brain injury in premature infants: a complex amalgam of destructive and 

developmental disturbances. The Lancet Neurology. 2009;8(1):110–24. DOI: 

10.1016/S1474-4422(08)70294-1 

6. Hinojosa-Rodríguez M, Harmony T, Carrillo-Prado C, Van Horn JD, Irimia A, Torgerson 

C, et al. Clinical neuroimaging in the preterm infant: diagnosis and prognosis. 

NeuroImage: Clinical. 2017;16:355–68. DOI: 10.1016/j.nicl.2017.08.015 

7. Xiong T, Gonzalez F, Mu D. An overview of risk factors for poor neurodevelopmental 

outcome associated with prematurity. World Journal of Pediatrics. 2012;8(4):293-300. 

DOI: 10.1007/s12519-012-0372-2 

8. Pineda R, Durant P, Mathur A, Inder T, Wallendorf W, Schlaggar BL. Auditory exposure 

in the neonatal intensive care unit: Room type and other predictors. Journal of 

Pediatrics. 2017;183:56–66. DOI: 10.1016/j.jpeds.2016.12.072 

9. Filippa M, Casa E, D'amico R, Picciolini O, Lunardi C, Sansavini A, et al. Effects of 

Early Vocal Contact in the Neonatal Intensive Care Unit: Study Protocol for a Multi-

Centre, Randomised Clinical Trial. International Journal of Environmental Research 

and Public Health. 2021;18(8):1-15. DOI: 10.3390/ijerph18083915 

10. Silva CM, Cação JMR, Silva KC, Marques CF, Merey LS. Physiological responses of 

preterm newborn infants submitted to classical music therapy. Revista Paulista de 

Pediatria. 2013;31(1):30–6.  

11. McMahon E, Wintermark P, Lahav A. Auditory brain development in premature infants: 

The importance of early experience. Annals of the New York Academy of Sciences. 

2012;1252(1):17–24. DOI: 10.1111/j.1749-6632.2012.06445.x 

https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth


23 
 

12. Stipdonk LW, Weisglas-Kuperus N, Franken MJP, Nasserinejad K, Dudink J, 

Goedegebure A. Auditory brainstem maturation in normal-hearing infants born preterm: 

A meta-analysis. Developmental Medicine and Child Neurology. 2016;58(10):1009–15. 

DOI: 10.1111/dmcn.13151 

13. Wachman EM, Lahav A. The effects of noise on preterm infants in the NICU. Archives 

of Disease in Childhood: Fetal and Neonatal Edition. 2011;96(4):305–9. DOI: 

10.1136/adc.2009.182014 

14. Wilson-Costello D, Walsh M, Langer J, Guillet R, Laptook A, Stoll B et al. Impact of 

Postnatal Corticosteroid (PNS) Use on Neurodevelopment at 18-22 Months Adjusted 

Age: Effects of Dose, Timing and Risk of Bronchopulmonary Dysplasia in Extremely 

Low Birthweight Infants (ELBW). Pediatrics. 2009;123(3):430-7. 

DOI:10.1542/peds.2008-1928 

15. Doucette SM, Kelly EN, Church PT, Lee S, Shah V. Association of inotrope use with 

neurodevelopmental outcomes in infants <29 weeks gestation: a retrospective cohort 

study. The Journal of Maternal-Fetal & Neonatal Medicine. 2021;35(25):6044-52. DOI: 

10.1080/14767058.2021.1904872 

16. Ferreira RC, Mello RR, Silva KS. Neonatal sepsis as a risk factor for 

neurodevelopmental changes in preterm infants with very low birth weight. Jornal de 

Pediatria. 2014;90(3):293-9. DOI: 10.1016/j.jped.2013.09.006   

17. Schmidt B, Asztalos E, Roberts R, Robertson C, Sauve R, Whitfield M et al. Impact of 

Bronchopulmonary Dysplasia, Brain Injury, and Severe Retinopathy on the Outcome 

of Extremely Low-Birth-Weight Infants at 18 Months - Results from the Trial of 

Indomethacin Prophylaxis in Preterms. JAMA. 2003;289(9):1124-9.  

18. Jeng S, Hsu C, Tsao P, Chou H, Lee W, Kao H et al. Bronchopulmonary dysplasia 

predicts adverse developmental and clinical outcomes in very-low-birthweight 

infants. Developmental Medicine and Child Neurology. 2008;50(1):51-7. DOI: 

10.1111/j.1469-8749.2007.02011.x  

19. Mukerji A, Shah V, Shah P. Periventricular/Intraventricular Hemorrhage and 

Neurodevelopmental Outcomes: A Meta-analysis. Pediatrics. 2015;136(6):1132-43. 

DOI: 10.1542/peds.2015-0944 

20. Rees P, Callan S, Bchir MB, Chadda K, Vaal M, Diviney J et al. Preterm Brain Injury 

and Neurodevelopmental Outcomes: A Meta-analysis, Pediatrics. 2022;150(6):1-15. 

DOI: 10.1542/peds.2022-057442 

21. Amaral J, Peixoto S, Faria D, Resende C, Taborda A. Survival and 

Neurodevelopmental Outcomes of Premature Infants with Severe Peri-Intraventricular 

Hemorrhage at 24 Months of Age. Acta Médica Portuguesa. 2022;35(1):42-50. DOI: 

10.20344/amp.12295 



24 
 

22. Vliegenthart R, Van Kaam A, Aarnoudse-Moens C, Van Wassenaes A, Onland W. 

Duration of mechanical ventilation and neurodevelopment in preterm infants. Archives 

of Disease in Childhood: Fetal and Neonatal Edition. 2019;104(6):631-5. DOI: 

10.1136/archdischild-2018-315993 

23. Brown G. NICU Noise and the Preterm Infant. Neonatal Network. 2009;28(3):165-73. 

DOI: 10.1891/0730-0832.28.3.165 

24. Cheong JLY, Burnett AC, Treyvaud K, Spittle AJ. Early environment and long-term 

outcomes of preterm infants. Journal of Neural Transmission. 2020;127(1):1-8. DOI: 

10.1007/s00702-019-02121-w 

25. Gogou M, Haidopoulou K, Pavlou E. Sleep and prematurity: sleep outcomes in preterm 

children and influencing factors. World Journal of Pediatrics. 2019;15(3):209–18. DOI: 

10.1007/s12519-019-00240-8 

26. Gangi S, Dente D, Bacchio E, Giampietro S, Terrin G, De Curtis M. Posttraumatic 

Stress Disorder in Parents of Premature Birth Neonates. Procedia - Social and 

Behavioral Sciences. 2013;82:882–5. DOI: 10.1016/j.sbspro.2013.06.365 

27. Albersheim S. The Extremely Preterm Infant: Ethical Considerations in Life-and-Death 

Decision-Making. Frontiers in Pediatrics. 2020;8(55):1-7. DOI: 

10.3389/fped.2020.00055 

28. Garel M, Dardennes M, Blondel B. Mothers’ psychological distress 1 year after very 

preterm childbirth. Results of the epipage qualitative study. Child: Care, Health and 

Development. 2006;33(2):137–43. DOI: 10.1111/j.1365-2214.2006.00663. 

29. Treyvaud K, Lee KJ, Doyle LW, Anderson PJ. Very Preterm Birth Influences Parental 

Mental Health and Family Outcomes Seven Years after Birth. Journal of Pediatrics. 

2014;164(3):515–21. DOI: 10.1016/j.jpeds.2013.11.001 

30. Pace CC, Spittle AJ, Molesworth CM-L, Lee KJ, Northam EA, Cheong JLY, et al. 

Evolution of Depression and Anxiety Symptoms in Parents of Very Preterm Infants 

During the Newborn Period. JAMA Pediatrics. 2016;170(9):863–70. DOI: 

10.1001/jamapediatrics.2016.0810 

31. Schecter R, Pham T, Hua A, Spinazzola R, Sonnenklar J, Li D, et al. Prevalence and 

Longevity of PTSD Symptoms Among Parents of NICU Infants Analyzed Across 

Gestational Age Categories. Clinical Pediatrics. 2020;59(2):163-9. DOI: 

10.1177/0009922819892046 

32. Flacking R, Lehtonen L, Thomson G, Axelin A, Ahlqvist S, Moran VH, et al. Closeness 

and separation in neonatal intensive care. Acta Paediatrica, International Journal of 

Paediatrics. 2012;101(10):1032–7. DOI: 10.1111/j.1651-2227.2012.02787.x 

33. Franck LS, Cox S, Allen A, Winter I. Measuring neonatal intensive care unit-related 

parental stress. Journal of Advanced Nursing. 2005;49(6):608–15. 



25 
 

34. Hoffenkamp HN, Tooten A, Hall RAS, Braeken J, Eliëns MPJ, Vingerhoets AJJM, et al. 

Effectiveness of hospital-based video interaction guidance on parental interactive 

behavior, bonding, and stress after preterm birth: a randomized controlled trial. Journal 

of Consulting and Clinical Psychology. 2015;83(2):416–29. DOI: 10.1037/a0038401 

35. World Federation of Music Therapy. Announcing WFMT’s New Definition of Music 

Therapy [document on the internet]. 2011 [updated 2011 May 1; cited on 2022 

September 4]. Available from: https://wfmt.info/2011/05/01/announcing-wfmts-new-

definition-of-music-therapy/  

36. Moon C, Lagercrantz H, Kuhl PK. Language experienced in utero affects vowel 

perception after birth: a two-country study. Acta Paediatrica, International Journal of 

Paediatrics. 2013;102(2):156-60. DOI: 10.1111/apa.12098 

37. Detmer M, Whelan M. Music in the NICU: the role of nurses in neuroprotection. 

Neonatal Network. 2017;36(4):213–7. DOI: 10.1891/0730-0832.36.4.213 

38. Moon CM, Fifer WP. Evidence of transnatal auditory learning. Journal of Perinatology. 

2000;20:36–43. DOI: 10.1038/sj.jp.7200448 

39. Filippa M, Panza C, Ferrari F, Frassoldati R, Kuhn P, Balduzzi S, et al. Systematic 

review of maternal voice interventions demonstrates increased stability in preterm 

infants. Acta Paediatrica, International Journal of Paediatrics. 2017;106(8):1220-9. 

DOI: 10.1111/apa.13832 

40. Haslbeck FB. Music therapy for premature infants and their parents: an integrative 

review. Nordic Journal of Music Therapy. 2012;21(3):203-26. DOI: 

10.1080/08098131.2011.648653 

41. Yakobson D, Arnon S, Gold C, Elefant C, Litmanovitz I, Beck BD. Music Therapy for 

Preterm Infants and Their Parents: A Cluster-Randomized Controlled Trial Protocol. 

Journal of Music Therapy. 2020;57(2):219-42. DOI: 10.1093/JMT/THAA002 

42. Yusuf N, Hadisaputro S, Runjati R, Suwondo A, Mashoedi ID, Supriyana S. The 

effectiveness of combination of kangaroo mother care method and lullaby music 

therapy on vital sign change in infants with low birth weight. Belitung Nursing Journal. 

2017;3(4):352–9. DOI: 10.33546/bnj.161 

43. Williams AL, Sanderson M, Lai D, Selwyn BJ, Lasky RE. Intensive care noise and mean 

arterial blood pressure in extremely low-birthweight neonates. American Journal of 

Perinatology. 2009;26(5):323-9. DOI: 10.1055/s-0028-1104741 

44. Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: an integrative 

review of the heart’s anatomy and heart rate variability. Frontiers in Psychology. 

2014;5(1040):1-19. DOI: 10.3389/fpsyg.2014.01040  

https://wfmt.info/2011/05/01/announcing-wfmts-new-definition-of-music-therapy/
https://wfmt.info/2011/05/01/announcing-wfmts-new-definition-of-music-therapy/


26 
 

45. Caparros-Gonzalez R, Torre-Luque A, Diaz-Piedra C, Vico F, Buela-Casal G. Listening 

to Relaxing Music Improves Physiological Responses in Premature Infants. Advances 

in Neonatal Care. 2018;18(1):58-69. DOI: 10.1097/ANC.0000000000000448 

46. Arnon S, Shapsa A, Forman L, Regev R, Bauer S, Litmanovitz I, et al. Live Music Is 

Beneficial to Preterm Infants in the Neonatal Intensive Care Unit Environment. Birth. 

2006;33(2):131-6. DOI: 10.1111/j.0730-7659.2006.00090.x 

47. Dora O, Büyük ET. Effect of White Noise and Lullabies on Pain and Vital Signs in 

Invasive Interventions Applied to Premature Babies. Pain Management Nursing. 

2021;22(6):724-9. DOI: 10.1016/j.pmn.2021.05.005 

48. Namjoo R, Mehdipou-Rabori R, Bagherian B, Nematollahi M. Comparing the 

effectiveness of mother’s live lullaby and recorded lullaby on physiological responses 

and sleep of preterm infants: a clinical trial study. Journal of Complementary and 

Integrative Medicine. 2021;19(1):121-9. DOI: 10.1515/jcim-2020-0507. 

49. Costa V, Bundchen D, Sousa H, Pires L, Felipetti F. Clinical benefits of music-based 

interventions on preterm infants' health: A systematic review of randomised trials. Acta 

Paediatrica, International Journal of Paediatrics. 2021;111(3):478-89. DOI: 

10.1111/apa.16222 

50. Bieleninik Ł, Ghetti C, Gold C. Music therapy for preterm infants and their parents: A 

meta-analysis. Pediatrics. 2016;138(3):1-17. DOI:10.1542/peds.2016-0971. 

51. Van Der Heijden MJE, Araghi SO, Jeekel J, Reiss IKM, Hunink MGM, Van Dijk M. Do 

hospitalized premature infants benefit from music interventions? A systematic review 

of randomized controlled trials. PLoS ONE. 2016;11(9):1-16. DOI: 

10.1371/journal.pone.0161848 

52. Lowey J, Stewart K, Dassler A, Telsey A, Homel P. The effects of music therapy on 

vital signs, feeding, and sleep in premature infants. Pediatrics. 2013;131(5):902-18. 

DOI:10.1542/peds.2012-1367. 

53. Lowey J. NICU music therapy: Song of kin as critical lullaby in research and practice. 

Annals of the New York Academy of Sciences. 2015;1337(1):178-85. DOI: 

10.1111/nyas.12648 

54. Varisco G, Van Der Wal WR, Bakker-Bos J, Kommers D, Andriessen P, Van Pul C. 

Effect of Music Therapy Interventions on Heart Rate Variability in Premature Infants. 

Annual International Conference of the IEEE Engineering in Medicine and Biology 

Society. IEEE Engineering in Medicine and Biology Society. Annual International 

Conference. 2021;678-81. DOI: 10.1109/EMBC48229.2022.9871017. 

55. Palazzi A, Meschini R, Piccinini C. NICU music therapy effects on maternal mental 

health and preterm infant’s emotional arousal. Infant Mental Health Journal. 

2021;42(5):672-89. DOI: 10.1002/imhj.21938 



27 
 

56. Dearn T, Shoemark H. The effect of maternal presence on premature infant response 

to recorded music. JOGNN - Journal of Obstetric, Gynecologic, and Neonatal Nursing. 

2014;43(3):341-50. DOI: 10.1111/1552-6909.12303 

57. Epstein S, Bauer S, Stern OL, Litmanovitz I, Elefant C, Yakobson D, et al. Preterm 

infants with severe brain injury demonstrate unstable physiological responses during 

maternal singing with music therapy: a randomized controlled study. European Journal 

of Pediatrics. 2021;180(5):1403-12. DOI:10.1007/s00431-020-03890-3 

58. Bergomi P, Chieppi M, Maini A, Mugnos T, Spotti D, Tzialla C, et al. 

Nonpharmacological techniques to reduce pain in preterm infants who receive heel-

lance procedure: a randomized controlled trial. Research and Theory for Nursing 

Practice: An International Journal. 2014;28(4):335-48. DOI:10.1891/1541-

6577.28.4.335 

59. Barandouzi Z, Keshavarz M, Montazeri A, Ashayeri H, Rajaei Z. Comparison of the 

analgesic effect of oral sucrose and/or music in preterm neonates: A double-blind 

randomized clinical trial. Complementary Therapies in Medicine. 2020;48. DOI: 

https://doi.org/10.1016/j.ctim.2019.102271. 

60. Standley JM, Cassidy J, Grant R, Cevasco A, Szuch C, Nguyen J, et al. The effect of 

music reinforcement for non-nutritive sucking on nipple feeding of premature infants. 

Pediatric Nursing. 2010;36(3):138-45. 

61. Foster JP, Psaila K, Patterson T. Non-nutritive sucking for increasing physiologic 

stability and nutrition in preterm infants. Cochrane Database of Systematic Reviews. 

2016;10(10). DOI: 10.1002/14651858.CD001071.pub3 

62. Standley J. The effect of music-reinforced nonnutritive sucking on feeding rate of 

premature infants. Journal of Pediatric Nursing. 2003;18(3):169-73. DOI: 

10.1053/jpdn.2003.34 

63. Standley J. The effect of contingent music to increase non-nutritive sucking of 

premature infants. Pediatric Nursing. 2000;26(5):493-5,498-9.  

64. Standley J, Swedberg O. NICU music therapy: Post hoc analysis of an early 

intervention clinical program. Arts in Psychotherapy. 2011;38(1):36-40. DOI: 

10.1016/j.aip.2010.10.004 

65. Lubetzky R, Mimouni F, Dollberg S, Reifen R, Ashbel G, Mandel D. Effect of music by 

Mozart on energy expenditure in growing preterm infants. Pediatrics. 2010;125(1):24-

8. DOI: 10.1542/peds.2009-0990 

66. Standley J. Music Therapy Research in the NICU: An Updated Meta-Analysis. 

Neonatal Network. 2012;31(5):311-6. DOI: 10.1891/0730-0832.31.5.311 

67. Menon V. Salience Network. Brain Mapping: An Encyclopedic Reference. 2015;2:597-

611. DOI: 10.1016/B978-0-12-397025-1.00052-X  



28 
 

68. Ren H, Zou L, Wang L, Lu C, Yuan Y, Dai C, et al. Evaluation of the Short-Term Music 

Therapy on Brain Functions of Preterm Infants Using Functional Near-Infrared 

Spectroscopy. Frontiers in Neurology. 2021;12(649340). DOI: 

10.3389/fneur.2021.649340  

69. Nakhwa PK, Malawade M, Shrikhande DY, Shrikhande S, Rokade P. Efficacy of music 

therapy in improvement of neuromotor development in preterm infants. Revista română 

de kinetoterapie. 2017;23(40):5-11.  

70. Bos M, van Dokkum NH, Ravensbergen AG, Kraft KE, Bos AF, Jaschke AC. Pilot study 

finds that performing live music therapy in intensive care units may be beneficial for 

infants’ neurodevelopment. Acta Paediatrica, International Journal of Paediatrics. 

2021;110(8):2350-1. DOI: 10.1111/apa.15867  

71. Alipour Z. Eskandari N, Tehran H, Hassaini S, Sangi S. Effects of music on 

physiological and behavioral responses of premature infants: A randomized controlled 

trial. Complementary Therapies in Clinical Practice. 2013;19(3):128-32. DOI: 

10.1016/j.ctcp.2013.02.007 

72. Keith D, Russell K, Weaver B. The Effects of Music Listening on Inconsolable Crying 

in Premature Infants. Journal of Music Therapy. 2009;46(3):191-203. 

DOI: 10.1093/jmt/46.3.191 

73. Dereymaeker A, Pillay K, Vervisch J, De Vos M, Van Huffel S, Jansen K, et al. Review 

of sleep-EEG in preterm and term neonates. Early Human Development. 2017;113:87-

103. DOI: 10.1016/j.earlhumdev.2017.07.003 

74. Oliscar M, Shoemark H, Holton T, Weninger M, Hunt RW. The influence of music on 

aEEG activity in neurologically healthy newborns ≥32 weeks' gestational age. Acta 

Paediatrica, International Journal of Paediatrics. 2011;100(5):670-5. DOI: 

10.1111/j.1651-2227.2011.02171. 

75. Giordano V, Goeral K, Schrage-Leitner L, Berger A, Olischar M. The Effect of Music on 

aEEG Cyclicity in Preterm Neonates. Children. 2021;8(3). DOI: 

10.3390/children8030208 

76. Tiriac A, Uitermarkt BD, Fanning AS, Sokoloff G, Blumberg MS. Rapid whisker 

movements in sleeping newborn rats. Current Biology. 2012;22(21):2075–80. DOI: 

10.1016/j.cub.2012.09.009 

77. Feng P, Ma Y. Clomipramine Suppresses Postnatal REM Sleep Without Increasing 

Wakefulness: Implication for the Production of Depressive Behaviors. Sleep. 

2002;25(2):177-84. DOI: 10.1093/sleep/25.2.177 

78. Teunis CJ, Van Den Hoogen A, Benders M, Dudink J, Shellhass RA, Pillen S. How to 

improve sleep in a neonatal intensive care unit: A systematic review. Early Human 

Development. 2017;113:78-86. DOI: 10.1016/j.earlhumdev.2017.07.002 



29 
 

79. Park J. Sleep Promotion for Preterm Infants in the NICU. Nursing for Women’s Health. 

2020;24(1):24-35. DOI: 10.1016/j.nwh.2019.11.004 

80. Mahmoodi N, Arbabisarjou A, Rezaeipoor M, Mofrad Z. Nurses' awareness of preterm 

neonates' sleep in the NICU. Global Journal of Health Science. 2015;8(6):226–33. DOI: 

10.5539/gjhs.v8n6p226 

81. Shoemark, H. Time together: A feasible program to promote parent-infant interaction 

in the NICU. Music Therapy Perspectives. 2018;36(1):6–16. DOI: 10.1093/mtp/mix004 

82. Schappin R, Wijnroks L, Venema MM, Jongmans M.J. Rethinking Stress in Parents of 

Preterm Infants: A Meta-Analysis. PLoS ONE. 2013;8(2). DOI: 

10.1371/journal.pone.0054992 

83. Roque A.T.F, Lasiuk G.C, Radünz V, Hegadoren K. Scoping Review of the Mental 

Health of Parents of Infants in the NICU. JOGNN - Journal of Obstetric, Gynecologic, 

and Neonatal Nursing. 2017;46(4):576–87. DOI: 10.1016/j.jogn.2017.02.005  

84. Oyetunji A, Chandra P. Postpartum stress and infant outcome: A review of current 

literature. Psychiatry Research. 2020;284. DOI: 10.1016/j.psychres.2020.112769  

85. Nicol-Harper R, Harvey A.G, Stein A. Interactions between mothers and infants: Impact 

of maternal anxiety. Infant Behavior and Development 2007;30(1):161–7. DOI: 

10.1016/j.infbeh.2006.08.005 

86. Zelkowitz P, Papageorgiou A, Bardin C, Wang T. Persistent maternal anxiety affects 

the interaction between mothers and their very low birthweight children at 24 months. 

Early Human Development. 2009;85(1):51–8. DOI: 10.1016/j.earlhumdev.2008.06.010 

87. Palazzi A, Filippa M, Meschini R, Piccinini C.A. Music therapy enhances preterm 

infant's signs of engagement and sustains maternal singing in the NICU. Infant 

Behavior and Development. 2021;64. DOI: 10.1016/j.infbeh.2021.101596 

88. Kobus S, Diezel M, Huening B, Dewan M.V, Felderhoff-Mueser U, Bruns N. Parents’ 

Perception of Family-Centered Music Therapy with Stable Preterm Infants. 

International Journal of Environmental Research and Public Health. 2021;18(23). DOI: 

10.3390/ijerph182312813 

89. Kehl SM, Marca-Ghaemmaghami PL, Haller M, Pichler-Stachl E, Bucher HU, Bassler 

D, et al. Creative Music Therapy with Premature Infants and Their Parents: A Mixed-

Method Pilot Study on Parents’ Anxiety, Stress and Depressive Symptoms and Parent–

Infant Attachment. International Journal of Environmental Research and Public Health. 

2021;18(1):1-20. DOI: 10.3390/ijerph18010265. 

90. Kraft KE, Jaschke AC, Ravensbergen A, Feenstra-Weelink A, Van Goor M, Kroon MLA 

et al. Maternal Anxiety, Infant Stress, and the Role of Live-Performed Music Therapy 

during NICU Stay in The Netherlands. International Journal of Environmental Research 

and Public Health. 2021;18(13). DOI: 10.3390/ijerph18137077. 



30 
 

91. Menke B, Hass J, Diener C, Poschl J. Family-centered music therapy —Empowering 

premature infants and their primary caregivers through music: Results of a pilot study. 

PLoS ONE. 2021;16. DOI: 10.1371/journal.pone.0250071. 

92. Haslbeck FB, Schmidli L, Bucher HU, Bassler D. Music Is Life—Follow-Up Qualitative 

Study on Parental Experiences of Creative Music Therapy in the Neonatal Period. 

International Journal of Environmental Research and Public Health. 2021;18(12). DOI: 

10.3390/ijerph18126678. 

93. Varişoǧlu Y, Satilmiş IG. The Effects of Listening to Music on Breast Milk Production 

by Mothers of Premature Newborns in the Neonatal Intensive Care Unit: A Randomized 

Controlled Study. Breastfeeding Medicine. 2020;15(7):465-70. DOI: 

10.1089/bfm.2020.0027 

94. Jayamala AK, Lakshmanagowda PB, Pradeep GCM, Goturu J. Impact of music therapy 

on breast milk secretion in mothers of premature newborns. Journal of Clinical and 

Diagnostic Research. 2015;9(4):4-6. DOI: 10.7860/JCDR/2015/11642.5776 

95. Porcelli PJ, Weaver RGJ. The influence of early postnatal nutrition on retinopathy of 

prematurity in extremely low birth weight infants. Early Human Development. 

2010;86(6):391–6. DOI: 10.1016/j.earlhumdev.2010.05.015 

96. Gaden TS, Ghetti C, Kvestad I, Bieleninik Ł, Stordal AS, Assmus J, et al. Short-term 

Music Therapy for Families With Preterm Infants: A Randomized Trial. Pediatrics. 

2022;149(2). DOI: 10.1542/peds.2021-052797 

97. Sociedade Portuguesa de Neonatologia. O Som na Unidade de Neonatologia 

[document on the internet]. 2018 (cited 2022 november 30). Available from: 

https://www.spneonatologia.pt/wp-content/uploads/2018/05/O-Som-na-Unidade-de-

Neonatologia.pdf  

98. Ghetti C, Bieleninik L, Hysing M, Kvestad I, Assmus J, Romeo R, et al. Longitudinal 

Study of music Therapy’s Effectiveness for Premature infants and their caregivers 

(LongSTEP): protocol for an international randomised trial. BMJ Open. 2019;9(8). DOI: 

10.1136/bmjopen-2018-025062 

 

 

 

 

 

https://www.spneonatologia.pt/wp-content/uploads/2018/05/O-Som-na-Unidade-de-Neonatologia.pdf
https://www.spneonatologia.pt/wp-content/uploads/2018/05/O-Som-na-Unidade-de-Neonatologia.pdf

