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Abstract
Background: Elevated sound levels and low language expo-
sures of preterm infants (< 37 weeks) cared for in the neona-
tal unit contribute to poorer growth, cognition, language 
and motor outcomes. These delays can have lasting effects 
on childhood development and continue throughout adult 
life. Whilst recommendations have been established for ap-
propriate sound exposure levels in neonatal units, very little 
is known about the optimal level of language exposure. Ob-
jectives: To examine the evidence regarding language expo-
sure, both measured (observational) and prescribed (inter-
ventional), in preterm infants (< 37 weeks) cared for in neo-
natal units and to identify optimal exposure levels to promote 
neurodevelopment. Search Methods: An electronic search 
of English-language articles with an open date range was 
conducted in the PubMed, MEDLINE, Joanna Briggs, CINAHL 
and Cochrane databases and in Google Scholar. The criteria 
were limited to original research studies of preterm infants 
(< 37 weeks) in which language was either measured as it 

naturally occurred in the neonatal unit environment or 
through a language intervention. Results: The search pro-
duced a total of 2,367 articles, 49 of which were related to 
language. A full-text review of these articles identified 10 el-
igible studies and 6 studies from reference searches. Conclu-
sions: Preterm infants experience low levels of language ex-
posure and high sound exposures in neonatal units. There is 
a lack of conclusive evidence to recommend an optimal lev-
el of language exposure to support improved neurodevel-
opmental outcomes in preterm infants. Further research 
from large, good-quality clinical trials is required before clear 
direction can be provided to inform clinical practice.

© 2018 S. Karger AG, Basel

Introduction

Structural development of the auditory system begins 
very early in the embryonic period and an adult-like 
structure is attained by the end of the second trimester 
[1]. In utero, the fetal auditory system is sufficiently ma-
ture by 23–25 weeks to enable a physiological effect in 
response to auditory stimulation. By 35 weeks, differen-
tiation of phonemes is possible and the fetus can now dis-
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criminate voice and sustain auditory memory [2]. How-
ever, for infants born preterm (especially < 28 weeks) this 
development occurs in the abnormal environment of the 
neonatal unit, during a critical period of neural arborisa-
tion and synaptogenesis [3]. Significant delays have been 
found in auditory brainstem responses of preterm infants 
at a term-equivalent age, reflecting atypical brainstem 
maturation [4]. This is apparent even in preterm infants 
with normal brain ultrasound scans [5], which is believed 
to be attributable to exposure to the extrauterine environ-
ment [4].

Various cause-effect relationships have been investi-
gated for factors contributing to poorer language and 
cognition in the preterm population. These include in-
trinsic factors such as perinatal insults [6–8]; gestational 
age at birth [9–11] and altered neurological pathways [3, 
5]; low birthweight [12–17]; disease processes and sever-
ity [18–20]; genetic and epigenetic factors including so-
ciocultural influences [17, 21], language exposure [22–
24] and developmental interaction [25–28]; and nosoco-
mially derived factors such as adverse environmental 
exposures [29, 30], sepsis and neurotoxicity from drugs 
[31, 32]. Long-term studies on language outcomes in pre-
term infants reveal delays in various aspects of receptive 
and expressive language [13, 14], articulation, compre-
hension [25], oromotor skills and spontaneous speech 
[33]. However, the primary focus of most of the reported 
language studies in the literature is related to preterm lan-
guage outcomes rather than language exposures.

Two primary concerns associated with abnormal audi-
tory exposures in neonatal units are related to excessive 
noxious noise and a paucity of useful language [30]. The 
hyperstimulatory environment induced by an open-bed 
space can be loud and block meaningful language expo-
sure. Conversely, a single-room environment may be qui-
eter but present a degree of social isolation and limited 
language exposure [30]. Low parental visitation and in-
teraction also contribute to the sensory deprivation expe-
rienced by infants in neonatal units [29]. This is particu-
larly relevant with regard to the maternal voice [29], a 
predominant source of auditory stimulation in utero 
[34]. These findings suggest that the sensorineural devel-
opment of preterm infants is affected by surrounding en-
vironmental exposures and provide justification for ad-
ditional research regarding optimal language exposures 
in this population.

Objectives
The objectives of this review are to examine the evi-

dence regarding language exposure, both measured (ob-

servational) and prescribed (interventional), in preterm 
infants (< 37 weeks) cared for in the neonatal unit and to 
determine an optimal level of language exposure to opti-
mise neurodevelopmental outcomes.

Methods

Electronic Search Strategy
The literature search was conducted and reported using the 

Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [35]. An electronic literature search of published 
English-language articles commenced in late March 2017 using 
CINAHL, MEDLINE, PubMed and the Cochrane Database of Sys-
tematic Reviews. An open date range was used with a broad search 
strategy including the terms: NICU OR (neonat* OR infant OR 
preterm OR prem* OR newborn OR baby OR babies) AND (“in-
tensive care” OR “critical care” OR “special care” OR “nursery”) 
AND (language OR lingual OR verbal OR speech OR spoken OR 
read* OR auditory OR sound).

Other Resources
Where a review article was retrieved for full-text evaluation, the 

articles within that review were also screened for inclusion. The 
reference lists of included studies were also searched. Authors of 
selected studies were contacted if definitions or reported outcomes 
were unclear. Google Scholar was searched for any additional ar-
ticles using the above search strategy.

Inclusion Criteria
Types of Studies
All original research studies in which language was measured 

as it naturally occurred in the neonatal unit environment, or where 
language exposure was used as an intervention, were included.

Types of Participants
All preterm infants (< 37 weeks) admitted to the neonatal unit 

for treatment at the time of the study were included.

Types of Interventions/Exposures
Language exposure may be any form of language from adult 

conversation, which can be either adult or infant directed. Lan-
guage may be live reading, a recorded voice or regular everyday 
conversation. For inclusion in the review, observations/interven-
tions had to have occurred whilst the preterm infant was still an 
inpatient of the neonatal unit.

Types of Exposures and Outcomes
Measures of observed language exposure:

1. Adult word count (AWC)
2. Infant vocalisations
3. Conversation turns
4. Decibel levels
 Measures of effect of language exposure:
1. Cardiorespiratory factors
2. Neurobehavioural factors
3. Neuromotor factors
4. Nutritional factors
5. Parent-infant factors
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Exclusion Criteria
Articles were excluded if they were not original intervention or 

observational studies of preterm infants (< 37 weeks) which either 
measured language exposure or used language as an intervention 
whilst the infant was still an inpatient of the neonatal unit.

Data Extraction and Management
Data from the included articles were individually extracted using 

data tables. The tables were used to determine exposure and outcome 
measures and study characteristics for comparison. Any information 
not reported was sought from individual study authors by email.

Quality Assessment
A quality assessment of each of the studies was undertaken by 

all authors, using the Effective Public Health Practice Project 
(EPHPP) Qualitative Assessment Tool for Quantitative Studies. 
This instrument is used to assess the methodological quality and 
risk of bias in quantitative studies amongst eight component rat-
ings. It is widely used, with good interrater reliability and validity 
[36]. The overall quality score for each included study was then 
determined as strong, moderate or weak (Table 1). Discrepancies 
in reviewer ratings were resolved with discussion.

Results

Figure 1 represents a flow diagram of the search pro-
cess. The search criteria had high sensitivity and relative-
ly low specificity, producing a total of 2,367 articles. Fol-

lowing removal of 122 duplicates, the titles and abstracts 
of 2,245 articles were screened and 49 articles were re-
trieved for full-text review. A total of 39 articles were ex-
cluded and 10 articles reporting language exposure of 
preterm infants in the neonatal unit were identified as 
eligible for inclusion. These were categorised by study 
type and included 3 observational studies in 4 published 
articles (Table 2) [22–24, 37] and 6 language intervention 
studies (Table 3) [26, 38–42]. The reference lists of all in-
cluded articles were searched and 6 additional interven-
tion studies [43–48] were determined to be eligible for 
inclusion.

Observational Studies of Measured Language 
Exposure
Characteristics of the Included Studies
Three studies in 4 published articles met the inclusion 

criteria. Table 3 shows similarities and differences 
amongst the four measures of observed language expo-
sure: AWC, infant vocalisations, conversation turns and 
decibel levels. The sample size ranged from 36 to 48 in-
fants (124 total participants). The study by Chow and 
Shellhaas [22] was conducted in the single-room envi-
ronment, that by Caskey et al. [23] was set in an open-
bay unit and Pineda et al. [37] compared both single 

Full-text articles excluded,
   with reasons (n = 39)
2 × meta-analysis
4 × systematic review
7 × other review
2 × measured environmental noise
1 × commentary
2 × measured event-related potentials
2 × equipment/tool pilot study
4 × role/usage of allied health
14 × no intervention or observation
   of language exposure during 
   neonatal unit admission

Studies included in review
(n = 16)

Reference search
(n = 6)

Eligible studies
(n = 10)

Full-text articles assessed for eligibility
(n = 49)

Titles and abstracts screened
(n = 2,245)

Records excluded
(n = 2,196)

Duplicates removed
(n = 122)

Records identified through database
searching
(n = 2,367)

Fig. 1. Flow diagram of the search of litera-
ture on language exposure in the neonatal 
unit [39].
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Table 1. Characteristics of the included studies

Observational studies

Caskey et al. [23, 24], 2011, 2014*
Methods Study design: observational, repeated measures

Blinding of participants: no
Blinding of assessors: unclear
Adequate follow-up: 91%
Withdrawals reported: yes
Instrument: LENA monitor
Monitoring period: 16 h, two time points 
(32 and 36 weeks)
Room type: open ward

Participants Sample size: 36
Male: 15 (42%)
Birthweight, mean (SD) [range], g: 
896 (195) [480–1,415]
GA at birth, mean (SD) [range], weeks: 
27 (2) [23–30]
GA at study, mean (SD), weeks: 32 (2); 36 (2)
Excluded: medically unstable, intubated, or 
chromosomal or congenital abnormalities

Outcomes AWC (16 h)
AWC/h
Conversation turns
Infant vocalisations

Notes Setting: NICU, Women and Infants’ Hospital 
(Providence, RI)
Country of study: USA
* Caskey et al. 2014 was a follow-up study using 
the same cohort, but it measured longitudinal data 
at 7 and 18 months’ corrected age

Quality assessment 
rating

Strong

Chow and Shellhaas [22], 2016
Methods Study design: observational

Blinding of participants: no
Blinding of assessors: no
Adequate follow-up: N/A
Instrument: LENA monitor
Monitoring period: 16 h, single time point
Room type: single room

Participants Sample size: 40
Male: 22 (55%)
Birthweight, mean (SD), g: 2,410 (1,070)
GA at birth: open
GA at study, mean (SD), weeks: 34 (5)
Excluded: multiples (twins, triplets)

Outcomes AWC (16 h)
AWC/h
Decibel range, dBA

Notes Setting: NICU, C.S. Mott Children’s Hospital 
(Ann Arbor, MI)
Country of study: USA

Quality assessment 
rating

Weak

Pineda et al. [37], 2017
Methods Study design: observational

Blinding of participants: no
Blinding of assessors: no
Adequate follow-up: >85%
Withdrawals reported: yes
Instrument: LENA monitor
Monitoring period: 16 h, four time points 
(birth, 30 weeks, 34 weeks, term)
Room type: single room (21; 44%) and 
open ward (27; 56%)

Participants Sample size: 48
Male: 31 (65%)
Birthweight, mean (SD), g: 2,410 (1,070)
GA at birth, mean (SD) [range], weeks: 
25.7 (1.4) [23–28]
GA at study: birth (within 2 weeks), 30 weeks, 
34 weeks, term (37–40 weeks)
Excluded: failed hearing screening, multiple birth 
and congenital anomalies

Outcomes AWC (16 h)
AWC/h
Decibel range, dBA

Notes Setting: NICU, St. Louis Children’s Hospital 
(St. Louis, MO)
Country of study: USA
Infants assigned to single room or open ward 
based on bed availability and staffing

Quality assessment 
rating

Weak

Intervention studies

Chapman [48], 1978
Methods Study design: Randomised controlled trial, 

repeated measures
Method of randomisation: cluster
Blinding of randomisation: unclear
Blinding of participants: no
Blinding of assessors: unclear
Adequate follow-up: 100%
Withdrawals reported: no
Instrument: accelerometer positioned unilaterally 
on upper and lower limbs

Participants Sample size: 153 (maternal voice: 50; lullaby: 51; 
controls: 52)
Male: 80 (52%)
Birthweight: –
GA at birth, mean [range], weeks: ~31 [26–33]
Age at data collection, mean: 5 days
Excluded: unclear

Outcomes Motor activity by accelerometer

Intervention Type of exposure: recorded maternal voice or 
lullaby
Method of delivery: tape recorder
Decibel level of stimulus: not reported
Dose: 5 min
Frequency: 6 times per day
Duration, mean: 34 days
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Notes Setting: three “high-risk” nurseries 
(New York, NY)
Country of study: USA

Quality assessment 
rating

Weak

Standley and Moore [43], 1995
Methods Study design: cohort study with repeated 

measures
Blinding of participants: unclear
Blinding of assessors: no
Adequate follow-up: 100%
Withdrawals reported: no
Instrument: SpO2 monitor

Participants Sample size: 20 (oxygen dependent) 
(maternal voice: 10; music: 10)
Controls: N/A
Male: 10 (50%)
Birthweight: music, 1,032 g; voice, 1,015 g
GA at birth: not reported
Age at data collection, mean: music, 14 days; 
voice, 17 days
Excluded: unclear

Outcomes SpO2 levels and frequency of SpO2 alarms 
(cut-off <87%)

Intervention Type of exposure: recorded maternal voice or 
music
Method of delivery: earphones
Decibel level of stimulus: 65–70 dBA
Dose: 20 min
Frequency: once per day
Duration, mean: 3 days

Notes Setting: NICU, southeastern USA
Country of study: USA
Potential confounders: gestational age not report-
ed at birth; unequal matching of participants by 
clinical status (ventilation requirements)

Quality assessment 
rating

Weak

Johnston et al. [38], 2007
Methods Study design: cross-over trial, repeated measures, 

random order of condition, 24-h washout
Method of randomisation: computer-generated 
random number
Blinding of randomisation: unclear
Blinding of participants: no
Blinding of assessors: yes
Adequate follow-up: 30%
Withdrawals reported: yes
Instrument: Premature Infant Pain Profile (PIPP) 
score

Participants Sample size: 20
Controls: own
Male: 12 (57%)
Birthweight, mean (SD), g: 1,985 (312)
GA at birth, mean (SD), weeks: 33.1 (0.9)
Age at data collection, mean (SD), days: 
intervention, 7 (3.1); control, 7 (2.5)
Excluded: congenital anomalies

Outcomes SpO2 levels and frequency of SpO2 alarms 
(cut-off <87%)

Intervention Type of exposure: filtered recorded maternal voice
Method of delivery: micro speaker
Decibel level of stimulus: 60–70 dBA
Dose: 10 min
Frequency: 3 times per day
Duration: 48 h, second measure within 10 days

Notes Setting: two university-affiliated NICUs
Country of study: Canada
Sample size unpowered, high attrition rate

Quality assessment 
rating

Weak

Bozzette [44], 2008
Methods Study design: interrupted time series

Blinding of participants: no
Blinding of assessors: no
Adequate follow-up: 100%
Withdrawals reported: no
Instrument: N/A

Participants Sample size: 14
Controls: N/A
Male: 8 (57%)
Birthweight, mean (SD) [range], g: 
2,059 (32) [1,658–2,885]
GA at birth, mean (SD) [range], weeks: 
33 (1) [31–34]
Age at data collection, mean: <7 days
Excluded: known neurological or congenital 
defects, exposure to cardiogenic drugs (such as 
dopamine and muscle relaxants), maternal history 
of drug use, IVH grade >2

Outcomes Heart rate
Respiratory rate
SpO2
Behavioural state

Intervention Type of exposure: recorded maternal voice
Method of delivery: earphones
Decibel level of stimulus: 65 dBA
Dose: 3 min
Frequency: 4 times per day
Duration: 3 days within the first week of life

Notes Setting: two level II neonatal nurseries (Seattle, WA)
Country of study: USA
Convenience sample used

Quality assessment 
rating

Weak

Krueger et al. [39], 2010
Methods Study design: controlled clinical trial, historical 

controls (from chart review)
Method of randomisation: block by groups of 4, 
intervention groups only
Blinding of randomisation: unclear
Blinding of participants: no
Blinding of assessors: no
Adequate follow-up: 96%
Withdrawals reported: yes
Instrument: N/A

Table 1 (continued)
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Participants Sample size: 52 (group 1: 16; group 2: 17; 
controls: 19)
Male: group 1, 4 (25%); group 2, 8 (53%); 
controls, 8 (47%)
Birthweight, mean (SD), g: group 1, 1,105 (148.7); 
group 2, 1,056 (256.5); controls, 1,112 (197.8)
GA at birth: 27–28 weeks
GA at data collection: group 1, 28–34 weeks; 
group 2, 32–34 weeks
Excluded: abnormal head ultrasound, sensorineu-
ral hearing loss, confirmed prenatally transmitted 
viral/bacterial infections, cardiac abnormalities 
and diagnosed abdominal disorder

Outcomes Daily weight gain
Days to discharge
Days to full enteral feeds
Days to full oral feeds
Days nil per os
Feed intolerance
Days requiring respiratory support

Intervention Type of exposure: recorded maternal voice
Method of delivery: micro speaker
Decibel level of stimulus: 50–55 dBA
Dose: 45 s
Frequency: 2 times per day
Duration: group 1, 6 weeks; group 2, 2 weeks

Notes Setting: NICU, southeastern USA
Country of study: USA
Convenience sample used
Inappropriate randomisation
Very low exposure period – effect estimate 
questionable
Imbalance between group sample sizes, 
underpowered
Confounded by imbalance in the number of days 
infants received breast milk feeding

Quality assessment 
rating

Weak

Lariviere and Rennick [26], 2011
Methods Study design: case-control, historical controls

Blinding of participants: yes (somewhat)
Blinding of assessors: no
Adequate follow-up: 85%
Withdrawals reported: yes
Instrument: survey

Participants Sample size: 116 (exposure group: 59; 
controls: 57)
Male: exposure group, 36 (61%); control group, 
38 (67%)
Birthweight: not reported
GA at birth, mean (SD), weeks: exposure group, 
37.3 (3.5); control group, 36.9 (4.2)
GA at data collection: 3 months
Excluded: infant died before interview; if a control 
group infant was readmitted to the NICU after the 
intervention had begun

Outcomes Parent-infant reading
Parent-infant bonding
Parent stress

Intervention Type of exposure: live maternal voice
Method of delivery: maternal book reading
Decibel level of stimulus: not reported
Dose: “few minutes”
Frequency: “daily”
Duration, mean (SD), days: length of stay 
25.6 (30.7)

Notes Setting: NICU, The Montreal Children’s 
Hospital of the McGill University Health Centre, 
(Montreal, QC)
Country of study: Canada
Risk of recall bias, based on parent report, 
3 months after discharge

Quality assessment 
rating

Strong

Doheny et al. [46], 2012
Methods Study design: interrupted time series

Blinding of participants: unclear
Blinding of assessors: unclear
Adequate follow-up: 93%
Withdrawals reported: yes
Instrument: N/A

Participants Sample size: 14
Controls: own
Male: 7 (50%)
Birthweight, mean (SD), g: 1,266 (289)
GA at birth, mean (SD), weeks: 30.2 (2.07)
GA at data collection, mean (SD), weeks: 
31.1 (2.06)
Excluded: chromosomal or congenital anomalies; 
major congenital infection; congenital hearing 
loss; prenatally diagnosed brain lesions; birth 
asphyxia; uncontrolled maternal illness; history of 
maternal smoking, alcoholism or use of illicit 
drugs; history of significant maternal deprivation, 
abuse or malnutrition

Outcomes Cardiorespiratory events (apnoea >20 s; heart 
rate <100 bpm for infants <34 weeks, <80 bpm 
for infants >34 weeks)

Intervention Type of exposure: filtered recorded maternal voice 
and heartbeat
Method of delivery: micro speaker
Decibel level of stimulus: 55–60 dBA
Dose: 30 min
Frequency: 4 times per day
Duration: first week of life until discharge 
(mean [SD]: 42.9 [25.1] days)

Notes Setting: NICU, Brigham and Women’s Hospital 
(Boston, MA)
Country of study: USA
Cardiorespiratory events based on nurse’s 
subjective assessment and cardiac monitoring 
Subjective assessments of nurse-reported gastro-
oesophageal reflux were excluded from analysis
Small sample size

Quality assessment 
rating

Strong

Table 1 (continued)
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Zimmerman et al. [45], 2013
Methods Study design: controlled clinical trial, historical 

matched controls
Blinding of participants: unclear
Blinding of assessors: unclear
Adequate follow-up: 100%
Withdrawals reported: no
Instrument: N/A

Participants Sample size: 32 (exposure group: 16; controls: 16)
Male: exposure group, 5 (31%); control group, 
5 (31%)
Birthweight, mean (SD), g: exposure group, 
1,089 (260); control group, 1,101 (231)
GA at birth, mean (SD), weeks: exposure group, 
28.8 (2.2); control group, 28.9 (2.3)
GA at data collection: <28 days
Excluded: major chromosomal or congenital 
anomalies, IVH grade >2, necrotising 
enterocolitis, surgery within first 28 days of life

Outcomes Weight gain velocity
Days nil per os
Days to full enteral feeds
Total fluid intake
Days to regain birthweight

Intervention Type of exposure: filtered recorded maternal voice 
and heartbeat
Method of delivery: micro speaker
Decibel level of stimulus: <65 dBA
Dose: 45 min
Frequency: 4 times per day
Duration: 28 days

Notes Setting: NICU, Brigham and Women’s Hospital 
(Boston, MA)
Country of study: USA
Small sample size

Quality assessment 
rating

Strong

Filippa et al. [40], 2013
Methods Study design: interrupted time series

Blinding of participants: no
Blinding of assessors: no
Adequate follow-up: 82%
Withdrawals reported: yes
Instrument: N/A

Participants Sample size: 18
Controls: own controls on non-vocal days
Male: 10 (56%)
Birthweight, mean (SD), g: 1,496 (385)
GA at birth, mean (SD), weeks: 31.7 (2)
GA at data collection, mean (SD), weeks: 
34.5 (2.9)
Excluded: <28 weeks GA, <1,000 g, unstable 
medical condition (mechanical ventilation, 
supplemental oxygen, pathological conditions)

Outcomes Heart rate
SpO2
Cardiorespiratory events
Neurobehavioural Assessment Scale (NBAS)

Intervention Type of exposure: live maternal voice
Method of delivery: maternal speaking or singing
Decibel level of stimulus: 60–72 dBA
Dose: 10 min
Frequency: once per day
Duration: every second day for 6 days

Notes Setting: level II NICU, Parini Hospital (Aosta)
Country of study: Italy
Selection bias – not representative of the true 
population (40 approached, 22 enrolled)
Confounders – high decibel level

Quality assessment 
rating

Weak

Rand and Lahav [47], 2014
Methods Study design: interrupted time series

Blinding of participants: unclear
Blinding of assessors: unclear
Adequate follow-up: unclear
Withdrawals reported: yes
Instrument: N/A

Participants Sample size: 20
Controls: own controls on same day
Male: 13 (65%)
Birthweight, mean (SD), g: 1,231 (302)
GA at birth, mean (SD), weeks: 29 (2.4)
GA at data collection, mean (SD), weeks: 30 (2.5)
Excluded: chromosomal or major congenital 
anomalies; symptomatic infections; congenital 
hearing loss; perinatal brain lesions; small for 
gestational age; anaemia of prematurity 
(haemoglobin <10 g/L); history of significant 
maternal deprivation, abuse or malnutrition; 
history of maternal smoking, alcoholism or 
use of illicit drugs

Outcomes Heart rate

Intervention Type of exposure: filtered, recorded maternal 
voice and heartbeat
Method of delivery: micro speaker
Decibel level of stimulus, mean (SD), dBA: 
57.2 (3.4)
Dose: 30 min
Frequency: 4 times per day, 2 times per week
Duration: first month of life

Notes Setting: NICU, Brigham and Women’s Hospital 
(Boston, MA)
Country of study: USA
Infants served as own controls on the same day, 
no washout period

Quality assessment 
rating

Moderate

Picciolini et al. [41], 2014
Methods Study design: prospective case-control

Blinding of participants: unclear
Blinding of assessors: unclear
Adequate follow-up: unclear
Withdrawals reported: yes
Instrument: Prechtl, NICU Neonatal Network 
Neurobehavioural Scale (NNNS)

Table 1 (continued)
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rooms and open bays. Pineda et al. [37] recruited infants 
of the earliest gestational age (mean 25.7 ± 1.4 [23–28] 
weeks), followed by Caskey et al. [23] (mean 27 ± 2 [23–
30] weeks). The study by Chow and Shellhaas [22] was 
the only one recruiting and measuring infants of all ges-
tational ages (mean 34 ± 5.1 weeks; the age range was not 
reported). Accordingly, the mean birthweight in the 
study by Chow and Shellhaas [22] (2,410 ± 1,070 g) was 
much higher than that in the studies by Caskey et al. [23] 
(896 ± 195 g) and Pineda et al. [37] (855 ± 184 g). The 
Language Environment Analysis (LENA) digital lan-
guage processor (LENA Foundation, Boulder, CO, 
USA) was used in all studies, with a 16-h recording time. 
Chow and Shellhaas [22] observed the exposure at a sin-
gle time point, whereas Pineda et al. [37] and Caskey  

et al. [23] observed repeated measures at various time 
points.

Methodological Quality
The methodological quality of the studies was mixed. 

That by Caskey et al. [23] was the only study to be given 
a strong quality rating, whereas those by Pineda et al. [37] 
and Chow and Shellhaas [22] were rated weak. Statistical 
analysis and reporting were well documented in Caskey 
et al. [23] and Pineda et al. [37], but Chow and Shellhaas 
[22] reported some outcomes in median values and oth-
ers in mean values, making overall comparisons difficult.

The sample sizes in each study were relatively small 
and assessed by the review authors as “somewhat likely” 
to be representative of the target population. The study by 

Participants Sample size: 71 (exposure group: 34; controls: 37)
Male: exposure group, 20 (59%); control group, 
17 (46%)
Birthweight, mean (SD), g: exposure group, 
1,215 (185.3); control group, 1,186 (210.7)
GA at birth, mean (SD), weeks: exposure group, 
28.9 (1.9); control group, 29.6 (2.1)
GA at data collection: 30–32 weeks
Excluded: major congenital malformations; 
severe neurosensory deficits (i.e., retinopathy of 
prematurity, hypoacusis); gastrointestinal, brain 
and cardiac diseases; chronic lung disease; 
infections

Outcomes Heart rate
SpO2
NICU NNNS at 40 weeks and at 3 and 6 months
Prechtl assessment at 40 weeks and at 3 and 6 
months

Intervention Type of exposure: filtered recorded maternal voice
Method of delivery: bone conduction device
Decibel level of stimulus, mean: 48 dBA
Dose: 30 min
Frequency: 3 times per day
Duration: 21 days

Notes Setting: NICU, Fondazione IRCCS, Ospedale 
Maggiore Policlinico
Country of study: Italy
Study conducted over 5 years

Quality assessment 
rating

Moderate

Webb et al. [42], 2015
Methods Study design: controlled clinical trial

Blinding of participants: unclear
Blinding of assessors: yes
Adequate follow-up: unclear
Withdrawals reported: no
Instrument: cranial ultrasound scan

Participants Sample size: 40 (exposure group: 21; controls: 19)
Male: exposure group, 12 (57%); control group, 
15 (79%)
Birthweight, mean (SD), g: exposure group, 
1,310 (344); control group, 1,397 (369)
GA at birth, mean (SD), weeks: exposure group, 
28.8 (1.6); control group, 29.6 (1.5)
GA at data collection, mean (SD), weeks: exposure 
group, 33 (1.9); control group, 33.9 (2.1)
Excluded: prenatally diagnosed brain lesions, 
intracranial haemorrhage, cystic periventricular 
leukomalacia, prominent extra-axial spaces, 
dilated lateral ventricular atresia, small for 
gestational age and intrauterine growth restriction

Outcomes Results from cranial ultrasound scan: auditory 
cortex and frontal horn measurements at a mean 
(SD) of 30 (3) weeks of age

Intervention Type of exposure: filtered recorded maternal voice 
and heartbeat
Method of delivery: micro speaker
Decibel level of stimulus, mean: 58.6 dBA
Dose: 45 min
Frequency: 4 times per day
Duration, mean: 23.6 days

Notes Setting: NICU, Brigham and Women’s Hospital 
(Boston, MA)
Country of study: USA
Confounders: important differences in groups; 
male-to-female ratio not balanced

Quality assessment 
rating

Weak

GA, gestational age; AWC, adult word count; IVH, intraventricular 
haemorrhage; NICU, Neonatal Intensive Care Unit.

Table 1 (continued)
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Caskey et al. [23] was the only one to report screening of 
potential participants for inclusion (n = 114) and partici-
pation rates (n = 36/53; 68%). Caskey et al. [23] and Pine-
da et al. [37] reported attrition rates of 8 and 17%, respec-
tively, with both studies identifying reasons for with-
drawal. A higher proportion of loss to follow-up was 
observed in the study by Pineda et al. [37], including 10 
participant deaths, reflective of the inclusion of extreme-
ly preterm infants. Pineda et al. [37] assigned their par-
ticipants to single-room or open-ward environments 
based upon bed availability and staffing; however, the 
characteristics of the participants by room type were not 
reported, which is why it is difficult to determine wheth-
er clinical or demographic factors confounded the results. 
None of the studies documented adequate blinding of the 
parents/caregivers or assessors.

Observed Language Exposure Outcomes
1. Adult Word Count
AWC and AWC per hour (AWC/h) were measured in 

all 4 studies. Pineda et al. [37] reported mean AWC in 
single-room and open-ward environments at four time 
points: birth, 30 weeks, 34 weeks and term, as shown in 

Table 1. There was a positive correlation between higher 
AWC and increasing gestational age, with the overall 
AWC increasing significantly from birth to term (p < 
0.0001). In the single-room environment, Pineda et al. 
[37] reported a higher overall mean AWC with maternal 
presence compared to absence for all measurement  
intervals: birth (847.6 ± 727.7 vs. 314.8 ± 429.8), 30  
weeks (822.7 ± 923.8 vs. 338 ± 364.3), 34 weeks (2,783 ± 
3,470.7 vs. 670.1 ± 703.5) and term (5,634.5 ± 3,959.5 vs. 
3,045.2 ± 2,150.7). Overall, the Pearson correlation co-
efficients for parental presence and language exposure 
were positive (0.19; p = 0.009).

The total proportion of time spent with meaningful 
language exposure in the single-room environment, with-
in a 16-h period, was low at birth (8 ± 9 min [0.8%]), 30 
weeks (6 ± 5 min [0.6%]), 34 weeks (17 ± 19 min [1.8%]) 
and term (35 ± 25 min [3.6%]). This was also observed in 
the open-ward environment at birth (6 ± 7 min [0.6%]), 
30 weeks (6 ± 5 min [0.6%]), 34 weeks (16 ± 21 min [1.6%]) 
and term (35 ± 25 min [3.2%]). There was a rising trend 
in AWC/h for both the single-room and open-ward envi-
ronments in all except the 30-week measurement period, 
in which the AWC/h appeared to have declined.

Table 2. Studies on measured language exposures from observational studies conducted in the neonatal unit

Study [Ref.], year(s) Measurement
period

Observed language exposures

AWC/h AWC/16 h average 
decibels

peak 
decibels

total
conversation 
turns

total infant 
vocalisations

Caskey et al. [23, 24], 
2011, 2014*

32 weeks
- Maternal presence
- Maternal absence
36 weeks
- Maternal presence 
- Maternal absence

207 (267)
871 (1,052)
139 (450)
535 (400)

1,427 (1,504)
415 (701)

3,306 (4,274)
N/A
N/A
8,556 (6,407)
N/A
N/A

N/A

N/A

N/A

N/A

25 (29)
7 (11)
1 (3)

48 (45)
7 (9)
2 (5)

113 (101)
15 (20)

6 (10)
195 (156)

16 (19)
11 (18)

Chow and Shellhaas 
[22], 2016

Maternal presence
Maternal absence

1,392 (1,135)
603 (729)

N/A
N/A

Day: 56 (2.6)
Night: 55 (4.2)

Day: 85.8 (0.7)
Night: 85.0 (1.3)

N/A
N/A

N/A
N/A

Pineda et al. [37], 
2017**

Birth
- Private room
- Open ward
30 weeks
- Private room
- Open ward
34 weeks
- Private room
- Open ward
Term
- Private room
- Open ward

34 (39.4)
36 (55.8)

41 (47.6)
28 (28.2)

119 (172)
147 (9.35)

286 (223.0)
324 (260.1)

639 (671)
578 (892)

696 (836)
444 (452)

2,111 (3,031)
2,352 (452)

4,987 (3,721)
5,186 (4,162)

58.9 (4.2)
63.2 (4.4)

58.9 (5.0)
58.2 (1.4)

58.1 (4.2)
58.8 (2.9)

56.1 (2.5)
58.1 (1.9)

87 (1.3)
86.5 (1.1)

86 (1.4)
87 (1.3)

86.9 (1.3)
87.1 (1.6)

87.3 (1.2)
87.1 (1.3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Values are presented as means (SD). AWC, adult word count. * One trial published in 2 papers. ** Unpublished data, AWC/h obtained from the authors 
on request.
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Caskey et al. [23] reported that both AWC and 
AWC/h increased from 32 to 36 weeks (160% increase; 
p = 0.0001). However, there was a significant decline in 
AWC at 36 weeks for participants still cared for in the 
incubator compared to the open cot (p = 0.0001), or if 
continuous positive airway pressure or a high-flow nasal 
cannula was required (p = 0.0001). Overall, the propor-
tion of language exposure as a percentage of the total 
recording time over 16 h was low; however, this in-
creased significantly from 32 weeks (2 ± 2%) to 36 weeks 
(5 ± 3%; p = 0.0001; 142% increase). Additionally, Cas-
key et al. [23] also noted a higher AWC/h with parental 

presence at 32 weeks (871 ± 1,052 vs. 139 ± 450; p = 
0.0001) and 36 weeks (1,427 ± 1,504 vs. 415 ± 701; p = 
0.0001).

Chow and Shellhaas [22] measured the mean AWC/h 
for all gestational ages but only presented mean values for 
periods with and without maternal presence. Similar to 
the aforementioned studies, the mean AWC/h was high-
er with maternal presence (p = 0.01). The median value 
for AWC/h was reported as 275 (IQR 262). The review 
authors requested additional information on mean AWC 
values and AWC/h from Chow and Shellhaas [22], but 
this was not received.

Table 3. Studies of language exposure interventions conducted in the neonatal unit

Study [Ref.], year Design Voice
exposure

Dose, 
min

Frequency min/
day

Duration Total 
min 
(mean)

dB Outcome
measures

Chapman [48], 
1978

Randomised controlled 
trial

Recorded 5 6/day 30 Mean 34 days 1,020* N/A Motor activity

Standley and 
Moore [43], 1995

Cohort study, 
repeated measures

Recorded 20 1/day 20 3 days 60 65–70 SpO2

Johnston et al. [38], 
2007

Cross-over controlled 
clinical trial

Recorded 10 3/day 30 48 h, 2nd 
measure within 
10 days

60 (+20) 60–70 PIPP

Bozzette [44], 2008 Interrupted time series Recorded 3 4/day 12 3 days 36 65 HR, RR, SpO2, 
NBAS

Krueger et al. [39], 
2010

Controlled clinical trial, 
historical controls

Recorded 0.75 2/day 1.5 Group 1:
6 weeks
Group 2:
2 weeks

Group 1:
63
Group 2:
21

50–55 Weight gain, dD/C, 
dFEF, dFOF, dNPO, 
FI, dRS

Lariviere and 
Rennick [26], 2011

Case-control, historical 
controls

Live “Few 
minutes”

Daily Un-
clear

Mean 26 days Unclear N/A Parent bonding and 
stress, parent-infant 
reading

Doheny et al. [46], 
2012

Interrupted time series, 
own controls

Recorded 30 4/day 120 Mean 43 days 5,160* 55–60 CREs

Zimmerman et al. 
[45], 2013

Controlled clinical trial, 
historical controls

Recorded 45 4/day 180 28 days 5,040 <65 Weight gain, dNPO, 
dFEF, TFI, dBW

Filippa et al. [40], 
2013

Interrupted time series, 
own controls

Live 10 1/day, 2nd 
daily

10 6 days 30 60–72 HR, SpO2, CREs, 
NBAS

Rand and Lahav 
[47], 2014

Interrupted time series, 
own controls

Recorded 30 4/day, 
2 days/week

120 1 month 1,056* Mean 
57.2

HR

Picciolini et al. [41], 
2014

Case-control Recorded 30 3/day 90 21 days 1,890 48 HR, SpO2, NNNS, 
Prechtl

Webb et al. [42], 
2015

Controlled clinical trial Recorded 45 4/day 180 Mean 24 days 4,320* Mean 
58.6

CUSS

dRS, days on respiratory support; CREs, cardiorespiratory events; CUSS, ultrasound; dD/C, days to discharge; dFEF; days to full enteral feeds (120 mL/
kg/day); dFOF, days to full oral feeds; dNPO, days nil per os; FI, feed intolerance (>3 mL/kg/day gastric residuals); HR, heart rate; NBAS, Neonatal Behavioural 
Assessment Scale (Brazelton Scale, 1983); NNNS, NICU Neonatal Network Neurobehavioural Scale; PIPP, Premature Infant Pain Profile; RR, respiratory 
rate; SpO2, oxygen saturation; TFI, total fluid intake. * Best estimate of total.
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2. Infant Vocalisations and Conversation Turns
The study by Caskey et al. [23] was the only one to re-

port on infant vocalisations and conversation turns. Be-
tween 32 and 36 weeks, total infant vocalisations increased 
by 76% (p = 0.0003), and infant vocalisations/h increased 
by 81% (p = 0.0002). As shown in Table 2, parental pres-
ence increased infant vocalisations/h, with the stronger 
association observed at 32 weeks (p = 0.0001) than at 36 
weeks (p = 0.08). Between 32 and 36 weeks, overall con-
versation turns increased by 96% (p = 0.0009) and conver-
sation turns/h increased by 95% (p = 0.0012). Parental 
presence significantly increased conversation turns/h at 
32 weeks (p = 0.0001) and 36 weeks (p = 0.0001). Impor-
tantly, participants exposed to higher AWC had signifi-
cantly more conversation turns. Negative binomial re-
gression models found an increase in conversation turns 
by 20% for every 1,000-word increase in AWC at 32 weeks 
(p = 0.0001) and a 10% increase at 36 weeks (p = 0.0001).

3. Decibels
A-weighted ambient sound levels (dBA) were reported 

by Chow and Shellhaas [22] and Pineda et al. [37], as 
shown in Table 2. All average (leq) and peak (lmax) sound 
levels were above the American Academy of Pediatrics 
(AAP) neonatal unit sound recommendations of 45 and 
65 dBA, respectively. The average and peak decibel levels 
observed by Chow and Shellhaas [22] were marginally 
lower than those reported by Pineda et al. [37]. No statis-
tically significant differences were reported by Pineda et 
al. [37] in average or peak decibels when stratified by ges-
tational age (average: p = 0.96; peak: p = 0.96) or room 
type (average: p = 0.02; peak: p = 0.35).

Language Exposure Interventions
Characteristics of the Included Studies
Twelve studies met the inclusion criteria for language 

exposure interventions for preterm infants < 37 weeks. 
One study included infants of all gestational ages [26], 
and one study did not document gestational age at birth 
or at data collection [43]. The sample size ranged from 14 
to 153 participants (median 26, IQR 37.5), with birth-
weights ranging from 1,015 to 2,059 g (mean 1,316 ± 293). 
There was wide variation in the dose, frequency and du-
ration of the interventions as well as in the type of expo-
sure prescribed (Table 3).

Two studies used the live maternal voice as the expo-
sure stimulus [26, 40], one used the recorded maternal 
voice via a bone conduction device attached to the par-
ticipant’s wrist [41] and all other studies used the record-
ed maternal voice delivered by tape recorder [48], micro 

speaker [38, 39, 42, 45–47] or earphones [43, 44]. Five 
studies filtered the maternal voice through a low-pass fil-
ter prior to the intervention and combined it with bio-
logical sounds and heartbeats to replicate the in utero en-
vironment [38, 42, 45–47]. Two of the recorded voice 
studies also compared the recorded maternal voice to re-
corded music [43, 48].

The dose of language exposure was variable between 
studies, regarding both the number of minutes/day and 
the total minutes over the study period. The intervention 
frequency ranged from 1 to 6 times/day. Decibel levels 
were not reported by 2 studies [26, 48]; however, all other 
studies delivered an average sound stimulus higher than 
the recommended level of 45 dBA [49]. The decibel levels 
in these studies ranged from 48 to 70 dBA.

Methodological Quality
Overall the methodological quality of the studies was 

low. Seven studies were rated weak by the review authors 
[38–40, 42–44, 48], 2 were rated moderate [41, 47], and 3 
were rated strong [26, 45, 46]. The study designs included 
1 randomised controlled trial [48], 3 controlled clinical 
trials [39, 42, 45], 1 cohort study [43], 2 case-control trials 
[26, 41], 4 interrupted time series [40, 44, 46, 47] and 1 
crossover trial [38]. Most of the sample sizes were small 
and assessed as either “somewhat likely” or “not likely” to 
be representative of the target population. Complete 
blinding of the participants and assessors was not achieved 
by any study. The study by Lariviere and Rennick [26] was 
the only one to report participant blinding, and 2 studies 
reported blinding the assessors to the condition only [38, 
42]. In all other studies, blinding was unclear or not re-
ported. As such, the risk of performance and detection 
bias within the reported results is high; however, partici-
pant blinding in such studies is difficult to achieve when 
the consenting parent is actively involved. Rates of attri-
tion were reported in all studies except 3 [41, 42, 47], and 
of those that reported loss to follow-up, the reasons for 
withdrawal or dropout were clearly reported [26, 38–40, 
46]. The study by Johnston et al. [38] was the only one 
with an attrition rate > 20% (20/65; 70%); as such, this 
study was significantly underpowered, and thus the re-
sults should be interpreted cautiously.

Language Exposure Intervention Outcomes
The studies varied widely across the five domains of 

interest: cardiorespiratory factors, neurobehavioural fac-
tors, neuromotor factors, nutritional factors and parent-
infant factors. It is for this reason that the results cannot 
be combined to establish an overall estimate of effect.
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1. Cardiorespiratory Factors
(a) SpO2 Levels (5 Studies). Standley and Moore [43] 

found an improvement in SpO2 for the music group com-
pared to the voice group on day 1 only (p < 0.05) and no 
significant differences between the music and the voice 
group on days 2 and 3. However, the infants in the music 
group were noted to have lower SpO2 levels after the test 
on days 2 and 3 (p < 0.05), which was not apparent in the 
voice group. Johnston et al. [38] reported SpO2 as a com-
ponent of the Preterm Infant Pain Profile (PIPP), which 
is a composite measure using heart rate (HR), oxygen sat-
uration, three facial actions, behavioural state, and gesta-
tional age. The results showed lower SpO2 after heel lance 
in the voice condition compared to the control condition 
(94.1 vs. 96.2%; p < 0.01). Bozzette [44] found no signifi-
cant differences in SpO2 between the three time segments 
(before, during or after the intervention). Filippa et al. 
[40] found lower SpO2 at baseline than in the singing and 
speaking conditions (95.7 vs. 96.4%; p = 0.03). However, 
this result is likely confounded by the high dBA of the ex-
posure (60–72 dBA). Picciolini et al. [41] found no sig-
nificant differences between groups for SpO2. Overall, the 
results of the 5 studies showed that the maternal voice 
either marginally lowered SpO2 levels or had no effect. 
However, all studies were rated weak, with a low sample 
size < 20, except the study by Picciolini et al. [41], which 
had a greater sample of 71 and a “moderate” quality rat-
ing.

(b) HR (4 Studies). Bozzette [44] found no significant 
differences in HR between the three time segments. Filip-
pa et al. [40] found that the HR was lower at baseline than 
in the singing or speaking conditions (146.3 vs. 149.7; p = 
0.049) and no significant differences were found between 
the singing and speaking conditions (149.5 vs. 149.8). 
Rand and Lahav [47] found a significantly lower mean 
HR with the maternal voice compared to matched peri-
ods of care without the exposure (158.9 vs. 162.9; p < 
0.0001). Following subgroup analysis, the effect of the ex-
posure remained for infants requiring respiratory sup-
port (158.1 vs. 162.2; p < 0.0001) and caffeine therapy 
(159.4 vs. 163.2; p < 0.0001). Picciolini et al. [41] found 
that the HR was significantly lower in the exposure group 
than in controls before (151.5 ± 14.3 vs. 154.8 ± 15.1; p < 
0.01), during (151.9 ± 14.7 vs. 154.0 ± 13.9; p = 0.02) and 
after the intervention (151.3 ± 14.4 vs. 154.4 ± 14.7; p < 
0.01). Overall, the studies showed that the maternal voice 
either lowered or had no significant effect on HR, except 
for the study by Filippa et al. [40]. However, Filippa et al. 
[40] delivered the sound stimulus at a higher decibel lev-
el (60–72 dB).

(c) Cardiorespiratory Events (3 Studies). Standley and 
Moore [43] found that the mean number of SpO2 alarms 
was decreased in a music group compared to a voice 
group across 3 days. This effect was greatest in the second 
half of the recording interval (from 10 to 20 min) (mean 
1.0 vs. 4.1; p < 0.05). Doheny et al. [46] found a signifi-
cantly lower frequency of cardiorespiratory events (CREs) 
in participants beyond 33 weeks in an exposure group 
compared to regular hospital sounds (p = 0.03). Although 
there was an overall trend towards a reduction in CRE 
frequency with increasing gestational age, this is typical 
of infants with improving lung function, and no signifi-
cant differences were noted prior to 33 weeks. Important-
ly, CREs were documented according to the bedside 
nurse’s subjective observations, and any CREs thought to 
be associated with gastro-oesophageal reflux (within 45 
min of feeding) were excluded from the analysis, thus po-
tentially confounding the results. Filippa et al. [40] found 
that CREs were significantly less frequent in the maternal 
singing and speaking conditions compared to baseline 
(10 vs. 68 [14.7%]; p < 0.00001). Overall, the effect of the 
maternal voice on CREs is difficult to determine. The 
strongest association was noted by Filippa et al. [40], even 
if the sample size was small and not representative of the 
target population. Although the study by Doheny et al. 
[46] was rated strong, the potential for confounding was 
high.

(d) Respiratory Rate (1 Study). Bozzette [44] found a 
decreased respiratory rate in the exposure group in the 
period immediately following the exposure (p < 0.05).

(e) Days Requiring Respiratory Support (1 Study). 
Krueger et al. [39] found no statistically significant find-
ings related to the percentage of days requiring respira-
tory support. The authors stated that their group 2 had 
the smallest percentage of days requiring respiratory sup-
port; however, the participants in group 2 were an older 
cohort.

2. Neurobehavioural Factors
(a) Pain Scores (PIPP) (1 Study). Johnston et al. [38] 

found that there were no significant differences between 
the two conditions of exposure and control in PIPP com-
posite scores (p = 0.371). There were no significant differ-
ences in any individual score components at any time 
point, except for SpO2, as mentioned in Section 1a.

(b) Behavioural State (3 Studies). Bozzette [44] found 
no significant differences in infant stress levels before, 
during or after exposure. Stability behaviours significant-
ly increased from exposure to post-exposure periods. No 
significant differences in activity level were identified be-



Language Exposure in the Neonatal Unit 273Neonatology 2018;114:261–276
DOI: 10.1159/000489600

fore, during or after exposure. Attending behaviours sig-
nificantly increased during the exposure compared to 
pre- and post-exposure periods. During the exposure, the 
infants spent 75.3% of the time awake and 6.3% of the 
time crying. These percentages were higher than in the 
pre- and post-exposure periods with regard to both awake 
time (pre-exposure: 72.2%; post-exposure: 66.7%; p < 
0.001) and crying time (pre-exposure: 4.8%; post-expo-
sure: 4.8%), which may be attributed to the high decibel 
level of the sound stimulus. Filippa et al. [40] found that 
the proportion of deep sleep was significantly lower dur-
ing speaking (19%) or singing exposures (19%) than in 
non-exposure periods (46%). The proportion of time be-
ing in a quiet alert state was significantly higher during 
speaking exposure (21%) than in singing (17%) and non-
exposure periods (4%). There were no significant differ-
ences identified for the active sleep state between speak-
ing and singing exposures and non-exposure periods. 
Picciolini et al. [41] found no significant difference over-
all between exposure and control groups in wakefulness 
(18.8 vs. 16.3%), active sleep (44.7 vs. 47.6%) or deep sleep 
(36.5 vs. 36.1%). When measured at 40 weeks’ gestational 
age, the exposure group had a significantly higher pro-
portion of visual and auditory orientation than the con-
trols. Overall the results were inconclusive; however, the 
sound stimulus was delivered at a much higher decibel 
level by Filippa et al. [40] and Bozzette [44] than by Pic-
ciolini et al. [41].

3. Neuromotor Factors
(a) Movement (2 Studies). Chapman [48] found upper 

limb movement dominance over lower limb movement 
in voice (41 vs. 9; 22%), music (41 vs. 10; 24%) and control 
groups (33 vs. 19; 58%). Although the proportion of up-
per limb preference was higher in the voice and music 
groups than in the control group, the authors reported 
this as not significant. There was a predominance for lat-
erality (handedness) in which the infant favoured one 
side more than the other. This was most notable in the 
voice group (left: 34; right: 16) compared to the music 
(left: 29; right: 21) and control groups (left: 26; right: 26). 
Picciolini et al. [41] found a significant improvement in 
general movement scores in the exposure group com-
pared to controls when measured at 40 weeks’ gestation-
al age and 3 months’ corrected age.

(b) Brain Development (1 Study). Webb et al. [42] 
found that auditory cortex thickness was significantly 
greater in the exposure group than in the controls on both 
the right (4.16 ± 0.94 vs. 3.11 ± 0.44; p < 0.0001) and the 
left side (3.62 ± 0.95 vs. 2.96 ± 0.68; p = 0.015) of the brain. 

No significant differences were noted in frontal horn 
measurements.

4. Nutritional Factors
(a) Weight Gain (2 Studies). Zimmerman et al. [45] 

found that the velocity of weight gain significantly im-
proved in an exposure group compared to a control group 
(13.45 ± 7.37 vs. 10.65 ± 7.37 g/kg/day; p < 0.001). Krueger 
et al. [39] found no significant difference in weight gain 
between exposure groups and controls.

(b) Feed Intolerance (1 Study). Krueger et al. [39] found 
a significant decrease in feed intolerance when combined 
exposure results were compared with groups in a primary 
analysis (2.94 ± 2.86 vs. 6.4 ± 5.81; p = 0.009).

(c) Days to Full Enteral Feeds (2 Studies). Zimmerman 
et al. [45] found no significant differences between the 
exposure group and the controls. Krueger et al. [39] found 
that exposure group infants experienced fewer days to full 
enteral feeds than the control group (27.32 ± 11.64 vs. 
38.5 ± 18.1 days; p = 0.02).

(d) Days nil per os (2 Studies). Zimmerman et al. [45] 
and Krueger et al. [39] found no significant differences 
between exposure and control groups.

(e) Total Fluid Intake (1 Study). Krueger et al. [39] 
found no significant differences between exposure and 
control groups.

(f) Days to Regain Birthweight (1 Study). Zimmerman 
et al. [45] found no significant differences between expo-
sure and control groups.

5. Parental Factors
(a) Stress and Bonding (1 Study). Lariviere and Ren-

nick [26] found that 86% of exposure group mothers en-
joyed reading to their infant and 69% stated it helped 
them feel closer to their infant. The free-text responses 
from the mothers were grouped into three common 
themes: that the mothers felt an increased sense of (1) 
control, (2) intimacy or (3) normalcy.

(b) Parent-Infant Reading (1 Study). Lariviere and 
Rennick [26] found that a significantly higher proportion 
of exposure group mothers reported reading ≥3 times/
week to their infants (56 vs. 23%; p < 0.001) compared to 
control group mothers 3 months after discharge.

Discussion

The results from the observational studies demon-
strate that preterm infants cared for in the neonatal unit 
environment were exposed to a very small proportion of 
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language, and to elevated levels of sound which exceed 
current guideline recommendations. There was a trend 
towards higher AWC with increasing gestational age, and 
although Pineda et al. [37] and Caskey et al. [23] found 
significant improvements from the initial to the final ex-
posure periods in both single-room and open-ward envi-
ronments, the overall proportion of total language expo-
sure compared to other environmental sounds remained 
low. This has important implications for future research, 
since discrepancies observed between single-room and 
open-ward units should be considered more than mere 
factors of design and that human considerations and ac-
tivity at the bedside play a significant role in the auditory 
exposure of preterm infants.

All 3 studies demonstrated higher AWC with parental 
presence, which shows the importance of parental en-
gagement and interaction in the neonatal unit. Auditory 
enrichment facilitates the development of the auditory 
cortex and stimulates the progression of neural arborisa-
tion and synaptogenesis [2, 3]. Evidence from several 
studies demonstrates that the preterm infant’s ability to 
process cortical signals is a significant factor affecting the 
development of receptive and expressive language skills 
[4, 5, 50]. Notably, auditory learning skills improve with 
increasing gestational age [2]. This was demonstrated by 
Caskey et al. [23], who found a significant increase in in-
fant vocalisations and conversation turns from 32 to 36 
weeks, indicating infant engagement in higher levels of 
cortical processing. This emphasises the importance of 
early language exposure and provides further evidence 
for the use of language as a relevant intervention to sup-
port preterm growth and neurodevelopment.

The results from the intervention studies included in 
the review demonstrate a wide range of language expo-
sures and outcome measures. Due to the lack of homoge-
neity between the studies, a meta-analysis was not possi-
ble. There are elements within each of the studies that 
suggest beneficial effects of language exposure on pre-
term infants; however, the limitations identified by the 
review authors are likely to have confounded the results. 
The small sample sizes in some studies resulted in insuf-
ficient statistical power to detect meaningful differences 
in effect estimates. Furthermore, due to the nature of the 
intervention and equipment visibility, blinding in all 
studies was inadequate. Visibility of the monitoring 
equipment, “monitoring-in-progress” signs and knowl-
edge of the study outcomes may exert a Hawthorne effect, 
which can influence parent and caregiver behaviour. As 
such, the risk of performance bias in all studies is highly 
likely [51].

A major clinical risk factor identified in all but one of 
the included intervention studies was the high decibel 
range of the exposure stimulus (> 45 dBA). Not only do 
such exposures exceed current guidelines based on “safe” 
exposure levels, but elevated sound levels have also been 
shown to affect preterm infants’ physiological parame-
ters, stress and behavioural states [52]. The loud sound 
stimuli delivered in the interventions could potentially 
have produced a hyperstimulatory response, which would 
likely have effected certain outcomes. Additionally, the 
high variability in dose, frequency and duration of the 
exposure intervals introduces a level of uncertainty with 
regard to the true effect of the interventions. For example, 
a very low dose of exposure may not be sufficient to 
change outcomes, or a very high dose may alter the out-
come of interest to a point where it is no longer clinically 
relevant. These factors make it difficult to ascertain a safe, 
optimal level of exposure.

A potential limitation of the studies included in this 
review is related to the differentiation of speech. The 
LENA monitor is designed to capture all language expo-
sures, whether adult or infant directed. It is unknown 
whether language exposure in general or infant-directed 
speech is a factor in language development. The recorded 
speech played to infants in the intervention studies is 
more likely to be infant directed; however, both infant- 
and adult-directed speech would have been recorded by 
the LENA monitors in the observational studies. In utero, 
the baby would be more likely to undergo non-infant-
directed speech exposure as the mother undertakes her 
daily routine. Infants in the neonatal environment may 
not have the same degree of language exposure as they 
would have if they were still in utero.

Conclusions

The results of the review indicate that the preterm in-
fants in these studies who were cared for in single-room 
and open-ward environments of the neonatal unit were 
exposed to a very small proportion of language and high 
overall sound levels. The intervention studies evaluating 
the effects of various intervals of supplemental language 
exposure on preterm infants in the neonatal unit are pre-
dominantly of low quality. Currently, there is a lack of 
conclusive evidence to suggest an optimal level of lan-
guage exposure to support improved short- and long-
term neurodevelopmental outcomes in preterm infants. 
Further research in large, well-conducted clinical trials is 
required before a clear direction can be provided to sup-



Language Exposure in the Neonatal Unit 275Neonatology 2018;114:261–276
DOI: 10.1159/000489600

port clinical practice. This includes a thorough evaluation 
of the effect of language exposure upon short-term clini-
cal and physiological parameters and upon longer-term 
neurodevelopmental outcomes including language, cog-
nition, and behavioural and motor abilities at 2 years’ cor-
rected age and beyond. Additionally, further research 
which identifies language exposures experienced in utero 
up to full-term gestation would be beneficial to ascertain 
a level of exposure which may be replicated in the neona-
tal unit environment.
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