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Obijectives

To discuss language delay in preterm infants

Review previous research using LENA on language
exposure and early child vocalizations in the NICU

To discuss the language and cognitive outcomes of
cohort of children who were recorded using LENA
while in the NICU at Women & Infants Hospital



Language Delay in Preterm Infants




Background

Preterm infants have delays in speech and
language’
Mild to moderate delays (high prevalence/low severity)
Vocabulary development?
Phonological processing®
Language comprehension®
Verbal short-term memory?

Grammatical development®

1-Vohr, 1988, 2-Foster-Cohen, 2007 3-Sansavini, 2007 4-Jansson-Verkasalo, 2004 5-Anderson, 2005 6-Pietz, 2004



Background

Even with no major neurologic insult deficits remain
Social skills and interactions
School performance
Literacy

Mathematics skills

Foster-Cohen, J Dev Behav Pediatr, 2010



Background

Etiology is multifactorial

Developmental disruption
Disruption of development of brain structures
Blood-brain barrier dysfunction
Myelination
Neonatal morbidities and injury
Chronic lung disease
Neurologic injury, intraventricular hemorrhage

Duration of hospitalization

Environment & sensory input

Aylward, J Dev Behav Ped, 2005



Background

In womb-

Mother’s voice most predominant sound
Frequent low frequency, high intensity sounds

Intermittent high frequency sounds, low intensity
In NICU-

Monitors-High frequency sounds, high intensity
Respiratory Equipment
Little language-3-5% of audio environment

Visual input prior to usual time



Background

Early language experience is necessary for the
normal development of speech and language
processing

Is the same true for preterm infants?

Nittrouer, 2005 Mayberry, 2002 Hart & Risley, 1995 Gilkerson, 2007 Zimmerman, 2009



Obijective

To test the effects of mean adult daily word counts,
conversational turns and child vocalizations at 32w &
36w post-menstrual age (PMA) in the NICU with
Bayley-lll Cognitive and Language scores at 7
months and 18 months corrected age (CA)



Hypothesis

Infants who are exposed to higher adult
word counts and conversational turns in
the NICU will have higher cognitive and
language scores on Bayley-lll at 7 months
and 18 months corrected age



Design

Prospective cohort study

36 medically stable and non-intubated infants <
1250 grams birth weight were enrolled

16 hour recordings were made using a LENA

digital language processor inserted into a vest
worn by the infant at 32w and 36w PMA

Bayley-lll was completed at /m corrected age
and 18 months corrected age



Digital Language Processor
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Analysis

Negative binomial regression used for count data

Pearson correlation analyses were performed to
determine the impact of adult word count,
conversational turns and child vocalizations in the
NICU on 7 month and 18 month Bayley scores and
adjusted for gestational age at birth



Demographics

Males, n, (%)
Average Gestational Age (weeks)
Average Birth weight (grams)
Maternal age (years)
Gravida 1 (%)
Race
AA (%)
Hispanic (%)
Caucasian (%)
Mother’s Education
<High School (%)
HS/Partial College (%)
College/Graduate (%)
Unknown (%)
Father’s Education
<High School (%)
HS/Partial College (%)
College/Graduate (%)
Unknown (%)
Family History of language delay, n (%)
IVH Grade lll or IV, or PVL, n (%)
Chronic lung disease (36 weeks), n (%)
Hearing failed unilateral at discharge, n (%)

Hearing failed bilateral at discharge, n (%)

15 (42)
27 £2
896 £ 195
30.8+7
44

16.7
13.9
69.4

11.1

41.7

44.4
2.8

16.7
50
22.2
1.1
7 (19.4)
2 (5.6)
10 (27.8)
4(11.1)
0 (0)



Previous Research

Preterm infants are exposed to increasing numbers of words
between 32 and 36 weeks of gestation

Adult word counts increased by 160%

Conversational turns increased by 95%

Language, however, accounts for only a small percentage (3-
5%) of all of the sounds to which infants are exposed in the
NICU in our cohort

Preterm infants begin to make vocalizations prior to their
projected due date and increase the number of vocalizations
significantly over time

Increased by 80% between 32 and 36 weeks



Previous Research

Preterm infants in the NICU are exposed to significantly
more words from their parents than from other caretakers

Adult word count increased by 385% at 32 weeks and
220% at 36 weeks when a parent is visiting

Preterm infants are significantly more responsive to their
parents than other caretakers

Conversational turn rates increased by 524% at 32 weeks
and 162% at 36 weeks when parents visiting

Child vocalizations increased by 173% at 32 weeks and
36% at 36 weeks when parent visiting



Previous Results

Adult words

Conversational
Turns

Child Vocalizations

274 £ 600
(44)
[0-3359]

2+4
(0)
[0-19]

9+9
(4)
[0-37]

754 + 1031
(220)
[6-3742]

6 £13

(2)
[0-46]

15 +21
(9)
[0-87]

+ 175%
0.01

+240%
0.02

NS

797 £ 1002
(403)
[0-5460]

56

(3)
(0-28)

17 +20
(10)
[0-93]

1423 £ 1666
(927)
[65-7894]

6£7
(4)
(0-30)

1312

(11)
[0-49]

+63%
0.02

NS

NS



Language and Cognitive Outcomes



Bayley-lll

Designed to measure developmental function
of infants and toddlers 1 month to 42 months

Cognitive Composite Score
Language Composite Score

Receptive language
Expressive language
Motor Composite Score

Fine motor
Gross motor



Results

Cognitive Composite Score (n=33) 94 + 8 80-110
Language Composite Score (n=29) 78+ 9 65-103
Receptive Communication (n=33) 6 %2 3-11

Expressive Communication (n=29) 7 t2 3-11



Results

]
Adult Word Count /hr 0.24 0.27 0.35 0.08
NS NS 0.05 NS
Conversational Turns /hr 0.36 0.37 0.36 0.24
0.04 0.048 0.045 NS
Child Vocalizations /hr 0.23 0.24 0.28 0.11
NS NS NS NS

Pearson Correlation for 32 week recording and 7 month Bayley Scores



Results

]
Adult Word Count /hr 0.48 0.18 0.13 0.12
0.0069 NS NS NS
Conversational Turns/hr 0.50 0.34 0.23 0.31
0.0045 0.08 NS NS
Child Vocalizations/hr 0.44 0.36 0.24 0.30
0.015 0.07 NS NS

Pearson Correlation for 36 week recording and 7 month Bayley Scores



Preliminary Results

Cognitive Composite Score (n=27) 92 9 75-105
Language Composite Score (n=27) 87 15 59 -127
Receptive Communication (n=27) 7 %3 3-14

Expressive Communication (n=27) 8+3 3-15



Preliminary Results

]
Adult Word Count /hr 0.24 0.47 0.33 0.55
NS 0.02 0.10 0.004
Conversational Turns /hr 0.22 0.53 0.34 0.64
NS 0.006 0.09 0.0004
Child Vocalizations /hr 0.21 0.20 0.05 0.33
NS NS NS NS

Pearson Correlation for 32 week recording and 18 month Bayley Scores



Preliminary Results

]
Adult Word Count /hr 0.01 0.35 0.14 0.52
NS NS NS 0.01
Conversational Turns /hr -0.04 0.05 -0.06 0.17
NS NS NS NS
Child Vocalizations /hr -0.06 -0.002 -0.04 0.04
NS NS NS NS

Pearson Correlation for 36 week recording and 18 month Bayley Scores



Results

For every turn count per hour at the 32 week
recording,

Cognitive composite score increases on average
by 1.6 points (p = 0.04) at 7 months

Language composite score increases by 5 points
(p=0.008) at 18 months

For every increase by 100 adult words/hour during
the 32 week recording the language composite
score at 18 months increases by 2.4 points (p=0.02)



Results

For the 32 week recording the regression of:

Adult word count per hour accounts for 24% of the
variance in language composite scores at 18 months
(p=0.04) and 33% of the variance in expressive
communication scores at 18 months (p=0.009)

Turn count per hour accounts for 28% of the variance
in language composite scores (p=0.008) and 42% of
the variance in expressive communication scores at 18

months (p=0.002)



Results

For the 36 week recording the regression of:

Adult word count per hour accounts for 23% of
the variance in cognitive composite scores at /

months (p=0.03)

Turn count per hour accounts for 26% of the
variance in cognitive composite scores at /

months (p=0.02)



Conclusions

Increased number of parent and caregiver early
conversations with preterm infants in the NICU are

associated with higher 7 month and 18 month
corrected age Bayley language and cognitive
scores

These findings open the door for language
intervention with nurses and families in the NICU



Acknowledgements

Women & Infants Hospital

Follow-up Clinic
Dr. Betty Vohr
Dr. Bonnie Stephens
Dr. Katie Johnson

Richard Tucker-statistician

Bayley Exams
Vicki Watson

Terri Leach




THANK YOU




