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Abstract
Introduction. Adaptation to extrauterine life is challenging for 
preterm babies. Environmental stimuli, like noises, could lead to 
adverse health outcomes, causing instability in vital parameters 
and neurodevelopment impairment. American Academy of 
Pediatrics recommends a maximum environmental noise ≤ 45 
decibels (dB) in the Newborn Intensive Care Units (NICUs). We 
hypothesise that listening to white noises and parental voices 
could mitigate the adverse outcomes caused by noises > 45 dB on 
preterm babies.
Methods. A randomised controlled trial (ClinicalTrials.gov, 
NCT06150404) aimed to include preterm babies of ≥31 weeks 
gestation, meeting the specific inclusion criteria. Data regarding 
environmental noises and vital parameters will be collected 
from all patients enrolled from the day of enrollment till their 
discharge. In addition, data regarding language and hearing 
development will be collected respectively after three years and 
three months from discharge. A soundtrack with white noises and 
parental voices will be administered to preterm babies enrolled 
in the intervention group through an mp3 device. 
Expected Results. If our hypothesis is confirmed, this study could 
benefit preterm babies by reducing adverse outcomes linked to 
excessive environmental noise, such as vital parameters instability 
and language and hearing impairment. Study results could also 
affect care practices in NICU settings to ensure patient safety, 
even if the null hypothesis is confirmed. The data collected will 
be utilised to understand environmental noise levels in our NICU 
and implement improvement projects in their management.
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Topic, Infant, Premature, Noise, Voice
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Introduction
Preterm births are a global health issue: 1 in 

10 babies is born preterm (<37 weeks gestation), 
approximately one every two seconds. Their 
survival rate depends on where their birth 
came from: in high-income countries, 9 in 10 
extremely preterm babies (<28 weeks gestation) 
will survive, but in low-income countries, only 1 
in 10 will survive1. These patients are admitted 
to Newborn Intensive Care Units (NICUs), where 
the environment has to be adequately structured 
to support their neurodevelopment2. Even if, 
in the last decades, the survival rate of these 
patients has increased, there is a disproportionate 
growth in disability and healthcare needs in 
preterm babies compared to the general pediatric 
population3. This growth in disability and 
healthcare needs is also caused because preterm 
babies in NICU settings are exposed to numerous 
environmental stresses that are harmful to their 
neurodevelopment. Among the environmental 
stressors, the most ordinary and most challenging 
to control are environmental noises4,5. The 
American Academy of Pediatrics (AAP) have since 
1997 established that the environmental noise 
level has to be <45dB to be safe and not adversely 
affect the neurodevelopment of preterm babies6. 
Despite this recommendation, the noise level in 
NICUs remains a significant problem worldwide, 
regardless of the efforts made on this topic7.

Preterm babies in NICUs are constantly exposed 
to noises derived, for example, from incubator 
motors, ventilators, air flushes, incubator doors 
slamming, human talk, or the crying of other 
babies8. In addition, it has been known for more 
than 45 years that patients in NICUs are often 
treated with potentially ototoxic antibiotics, 
increasing the risk of hearing impairment9. 
Moreover, exposure to these noises led to 
different adverse outcomes, like tachycardia, 
tachypnoea, increased blood pressure, apnoea 
and bradycardia episodes, or increased oxygen 
consumption that could cause desaturation and 
reduced energy available to the baby's growth10. 
Noises also impact the circadian rhythm, causing 
a discontinuity in the sleep. This discontinuity 
is a very different characteristic compared to 
intrauterine life, where babies are asleep 80% of 
the time11. In the end, the excessive noise could 
cause damage to the cochlea of preterm babies 
in NICUs12, with direct consequences also on 
language development, because could cause a 
retarding in hearing and language development13: 
a recent study has shown how the noise attenuated 

by the incubator could have a negative effect in 
the language development because it also reduces 
the perception of the human talk14.

Given the adverse outcomes caused by NICU 
stay, some researchers have tried to maintain 
noise <45 dB by creating the ideal environment 
– such as Single Family Rooms - where preterm 
babies can adequately grow and develop15-19. 
However, where the NICUs are still organized 
as open-bay, environmental noise remains a 
big issue, considering that the principal studies 
available in the literature show no effectiveness in 
maintaining noise levels low during the years5, 20-24. 
In addition, some noises that exceed the safe limits 
of 45 dB are not eliminable, nor would it be wise to 
attempt to do so. For example, in the case of alarm 
devices, healthcare personnel must be alerted 
urgently from the vital parameters monitor of a 
potentially life-threatening condition. However, 
the adjacent patient could be damaged by hearing 
these alarms.

Therefore, the hypothesis under this study is that 
the most efficient intervention to reduce adverse 
outcomes caused by the hearing of excessive 
noises could be to reduce only the environmental 
noises heard by the preterm babies, maintaining 
an adequate perception of noises from the 
healthcare personnel. 

The literature has shown that continuous 
noises, like white noises, can improve some of 
these adverse outcomes. White noises are less 
likely to cause sleep disruption than intermittent 
and sudden noises (e.g., intravenous pump 
alarms)11 because they have an equal intensity 
to every frequency audible from the human ear9; 
consequently, they help newborns sleep25-28. Some 
evidence also shows that white noises could help 
preterm babies control pain or gain weight29,30. 

In addition to white noises, the effect of maternal 
voices has been recognised to have benefits for 
preterm babies' development and stability31: 
recent studies showed how listening to a recorded 
maternal voice could help preterm babies in their 
physical development32, and how the mothers 
singing and speaking improve the preterm 
babies general movement and neurobehavioral 
development33. Ultimately, the exposition to adult 
languages promotes vocalisation in preterm 
babies and is associated with better cognitive 
and language outcomes34. Exposure to parental 
voices could isolate newborns from sudden NICU 
environmental noises, reducing the possibility of 
being awake during and immediately after a high 
level of noise11.
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Considering this information, our study's 
research question is: could the combined use 
of white noises and parental voices reduce the 
adverse effects of exposure to environmental 
noises >45dB on preterm babies admitted to 
NICUs?
Methods

Aims
The study aims to evaluate the efficacy — 

in reducing the frequency of tachycardia, 
tachypnoea, desaturation, and apnoea caused by 
exposure to environmental noises > 45dB — of an 
intervention based on the listening of white noises 
and parental voices by preterm babies in NICUs. 
The secondary aim is to evaluate the potential 
longitudinal effects of this intervention on the 
hearing and language development of preterm 
babies enrolled.

Design and randomisation
This study is a randomised controlled trial (RCT) 

(ClinicalTrials.gov NCT06150404) conducted 
without intervention blinding procedures. 
Eligible participants will be randomly assigned in 
equal numbers to intervention or control groups 
using sealed envelopes prepared by a nurse not 
involved in the research group. The research 
members and the nurses providing care to the 
patients enrolled will be aware of the patient group 
assignment.  Data analysis will be performed 
by an independent researcher – a statistician – 
blinded to group allocation and not involved in 
the intervention. The trial protocol conforms to 
the Standard Protocol Items: Recommendations 
for Interventional Trials (SPIRIT)35, and the 
trial results will be reported in compliance with 
the Consolidated Standards of Reporting Trials 
(CONSORT) Statement 36. 

Participants and Study Setting
The RCT will be conducted in a 22-bed III-level 

NICU at a major children's Hospital in Italy. This 
NICU does not have protocols or guidelines for 
noise control. For the sample size calculation, 
a preliminary observational phase will be 
conducted to identify the frequency of tachycardia, 
tachypnoea, and desaturation events — during a 
specific amount of time — that occur when the 
environmental noises are > 45 dB. The sample 
size calculation will be conducted following the 
method proposed by Cundill and De Alexander37. 
Preterm babies that meet the inclusion criteria 
will be enrolled consecutively.

Inclusion criteria
Preterm babies will be eligible if they have 

a gestational age ≥ 31 weeks (because at this 
age, sound perception is ≥40dB38, and there is 
predictable clinical stability that could ensure the 
intervention delivery without much interruption) 
and are monitored with one of the following 
devices for vital parameters monitoring: 
Masimo rainbow SET™ (Masimo); Infinity® Delta 
(Draeger); Infinity® Acute Care System (Draeger); 
or Efficia CM (Philips). 

Exclusion criteria
Preterm babies will be excluded if they have 

meningitis, severe brain insult27, brain congenital 
anomalies, congenital syndrome with the 
suspected or known brain dysfunction, hypoxic-
ischemic encephalopathy, airway abnormalities 
with an alteration in the breath during sleep11. In 
addition, preterm babies with terminal illnesses, 
faces, ears, cranium or brain abnormalities, 
congenital infection, and hearing cognitive 
impairment will be excluded39. Lastly, preterm 
babies with parents or legal guardians who refuse 
participation in the study will be excluded40, 
parents followed by social services, parents who 
do not understand the Italian language, and 
patients already enrolled in other clinical trials.

Study procedures
A form about demographical data will be 

completed for every patient enrolled. The 
demographic data collected will be about 
gestational age, weight (both at birth and at 
the time of enrolment and discharge), gender, 
date of birth, date of admission to NICU, date of 
enrolment and date of discharge. 

Every day – from the day of enrolment until 
discharge – a recording of environmental noises 
(with professional sound level meters - Sounds 
Level Meters PCE-322A) and vital parameters 
(with the use of a video camera) will be performed 
for the length of the intervention (see subsequent 
paragraph for its details) for both intervention 
and control group. During these recordings, the 
nurses dedicated to the patient will complete a 
"report form" to indicate the eventual patient’s 
respiratory support and when nursing care or 
other procedures (i.e. blood sample collection, 
medical care, feeding, etc.) will be performed – 
to control the confounding variables during data 
analysis.

Nurses can stop the recording or the 
intervention delivery in any emergency, 
excessive stimulation (such as instability in vital 
parameters, respiratory alteration, abnormal 
body movement, abnormal skin colour, crying or 
excitement that is challenging to contain), or unit 
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necessity. This interruption must be reported in 
the "report form."

To achieve the secondary objective of this study, 
after the discharge, parents or legal guardians 
of the enrolled patient will be contacted by the 
research members as follows:
x�Three months after discharge, after the 

execution of audiometer exams that every 
patient discharged by this NICU will perform 
to evaluate the results of tests about hearing 
development.

x�Three years after discharge to evaluate the 
results of eventual tests performed by patients 
about language development.
Parents or legal guardians will be asked for 

personal data (like telephone number and name) 
to collect and analyse data correctly. These data 
will be anonymised entirely at the end of the 
study and during data analysis, and only research 
members will have access to the study repository.

Intervention group
Parents or legal guardians of preterm babies 

enrolled in the intervention group will be asked 
to record their voices for 10 minutes. Parents 
or legal guardians will decide who will talk 
during the record (mother, father or both) and 
determine what record (telling a story, singing a 
song). The research members will indicate which 
characteristics the record has to have: the place in 
which the record will be done needs to be quiet, 
without background noises; the parents or legal 
guardian has to talk in their mother tongue if it 
is desired; the voice tone has to be sweet, stable 
and regular during the time; the voice tone has 
not to be changed if there are different characters 
when telling a story because babies have not to be 
excited or extra stimulated by the record hearing. 
The parents or legal guardians send this record to 
the study's Principal Investigator, who will ensure 
that the record adheres to the guidelines provided 
and assemble the soundtrack of 5 hours in length. 
This soundtrack will be settled at 45 dB on an 
mp3 device and administered to preterm babies 
in the intervention group. The soundtrack will be 
composed as follows (according to music therapy 
guidelines in NICUs41): 1 hour and 30 minutes of 
white noises (recording with the use of sound 
machine Dreamegg Sound Noise Machine), 30 
minutes of parental voices (the recording of 10 
minutes length of parental voices will be repeated 
3 times, to achieve the total of 30 minutes length), 
1 hour stopped, 1 hour and 30 minutes of white 
noises, and 30 minutes of parental voices. The 
environmental noises will not be managed, 

according to the hypothesis under this study. 
Control group
Preterm babies enrolled in the control group 

do not receive the intervention. They will receive 
the usual nursing care provided in the unit and be 
exposed to the usual environmental noises in the 
NICU. 

The vital parameters and environmental noises 
of babies in this group will also be recorded to 
achieve the study's aim and compare the outcomes 
of the two groups. 

Data handling
Data related to demographic characteristics, 

vital parameters, and environmental noises will 
be downloaded to a specific repository for further 
data analysis. A database will be created (using 
Microsoft Excel software). Both the repository 
and database will be accessible only to research 
group members.

Other and confounding variables
Data about the following confounding variables 

will be collected to minimise interpretative 
bias in study results: nursing care provided 
during registration hours, drugs administered 
during study enrolment that could impact vital 
parameters stability or hearing development (e.g., 
caffeine, ototoxic drugs), respiratory support if 
present, kangaroo-mother care performed, the 
patient's placement in an incubator or open bed, 
and the choice performed by parents in what to 
say to their babies (singing a song or telling a 
story).

Outcomes measures
Primary outcomes
The primary outcomes of the study are:

- Reduction in the frequency, in patients enrolled 
in the intervention group compared to the 
control group, of tachycardia episodes during 
the timing of data collection;

- Reduction in the frequency, in patients enrolled 
in the intervention group compared to the 
control group, of tachypnoea episodes during 
the timing of data collection;

- Reduction in the frequency, in patients enrolled 
in the intervention group compared to the 
control group, of desaturation episodes during 
the timing of data collection;

- Reduction in the frequency, in patients enrolled 
in the intervention group compared to the 
control group, of apnoea episodes during the 
timing of data collection.
Secondary outcomes:
The secondary outcomes of the study are:

- Reduction in patients enrolled in the 
intervention group compared to the control 
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group of language test results as negative or not 
completely passed at patients’ three years old. 

- Reduction in patients enrolled in the intervention 
group compared to the control group of hearing 
test results as negative or not completely passed 
at the patient’s three months old (according to 
our hospital procedures). 
Data analysis
Descriptive statistics analysis will be conducted 

on environmental noise level, vital parameters 
and sample demographic characteristics. Vital 
parameters will be analysed to identify their 
variation with noise levels > 45 dB. We hypothesise 
that patients in the intervention group will have 
less frequent alterations in vital parameters.  

Then, statistical inferential analysis will be 
conducted to discover if there are statistically 
significant differences between the two groups. 
A Student’s t-test of the independent sample will 
be performed to evaluate the difference in the 
mean of vital parameters frequency alterations. 
Pearson's r coefficient will be analysed to 
understand the strength of the association 
between the noises' intensity and vital parameter 
frequency alterations. A p-value <0,05 will be 
considered statistically significant.

All available data will be analysed using an 
intention-to-treat approach. If patients drop out 
and complete only part of the study, their data will 
be analysed as far as possible.

Ethical considerations
The study was approved by the Regional Ethics 

Committee – Liguria Region, on March 14, 2022, 
with protocol number 417/2021 – DB ID 11651. 
To parents or legal guardians of preterm babies 
that meet the inclusion criteria, an "Information 
sheet" will be given with all the information 
needed to understand the proposed study and 
provide consent to study participation. Parents 
or legal guardians will be given an appropriate 
time to read the "Information sheet" and express 
eventual doubt or clarifications directly to the 
researchers. They will also be given the Principal 
Investigator's contact information to express 
doubts or questions that may arise during the 
study. A signature on the "Consent form" of both 
parents or legal guardians will be asked to proceed 
with the study.  

Study participation is voluntary. Parents or legal 
guardians can withdraw their consent without 
needing clarification. No compensation or 
reimbursement will be given to those participating 
in the study. All data collected will be treated 
strictly, adhering to GDPR EU Regulation 2016/679 

on privacy concerning data treatment. The study 
will follow the Declaration of Helsinki and Good 
Clinical Practice guidelines.
Expected Results

Given the rationale at the bottom of this study, 
it is plausible that administering white noises 
and parental voices, which could mitigate 
the hearing of the environmental noises of 
NICUs, could positively affect preterm babies' 
neurodevelopment. This intervention could 
reduce the frequency of adverse outcomes caused 
by noises > 45 dB. In addition, as the literature 
suggests, this intervention could have a long-term 
positive effect, improving language and hearing 
development.  If our hypothesis is confirmed, we 
can imagine that white noise can be primarily 
utilised in NICUs worldwide because it is a cheap 
and feasible intervention.

The study's results will be used to modulate 
the care given to this population, even if the null 
hypothesis will be confirmed. Data collection will 
help us understand the noise level in our NICU 
and raise awareness of noise among healthcare 
personnel.

Limitations
The principal limitation of this randomised 

study is that researchers cannot be blinded to 
which patients will be enrolled in the intervention 
or control group. However, by adopting blindness 
during data analysis, we can minimise this risk 
of bias. Another limitation is the impossibility of 
understanding, which can be a source of noises > 
45 dB. This can reduce the intervention's efficacy 
estimate. The last limitation is that this study was 
conducted in only one NICU, which can make 
evaluating secondary outcomes difficult because 
our NICU admitted many patients from outside 
our region.
Conclusion

The study will provide valuable information 
on the safety and efficacy of using white noise 
and human voices in NICUs for preterm babies. 
Its results could have important implications 
for the clinical care of premature infants and 
demonstrate how nursing care — intended as 
environmental management to ensure patient 
safety — can directly impact some critical patient 
outcomes.
© The Author(s), under esclusive licence to infermieristica 
Editore Limited 2025.
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