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Objectives To compare 18- to 22-month cognitive scores and neurodevelopmental impairment (NDI) in 2 time
periods using the National Institute of Child Health and Human Development’s Neonatal Research Network assess-
ment of extremely low birth weight infants with the Bayley Scales of Infant Development, Second Edition (Bayley II)
in 2006-2007 (period 1) and using the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley III),
with separate cognitive and language scores, in 2008-2011 (period 2).
Study design Scores were compared with bivariate analysis, and regression analyses were run to identify differ-
ences in NDI rates.
ResultsMean Bayley III cognitive scores were 11 points higher than mean Bayley II cognitive scores. The NDI rate
was reduced by 70% (from 43% in period 1 to 13% in period 2;P < .0001).
Multivariate analyses revealed that Bayley III contributed to a decreased
risk of NDI by 5 definitions: cognitive score <70 and <85, cognitive or
language score <70; cognitive or motor score <70, and cognitive,
language, or motor score <70 (P < .001).
Conclusion Whether the Bayley III is overestimating cognitive perfor-
mance or whether it is a more valid assessment of emerging cognitive
skills than the Bayley II is uncertain. Because the Bayley III identifies sig-
nificantly fewer children with disability, it is recommended that all
extremely low birth weight infants be offered early intervention services
at the time of discharge from the neonatal intensive care unit, and that
Bayley scores be interpreted with caution. (J Pediatr 2012;161:222-8).

E
xtremely preterm (PT) infants are at increased risk for cognitive impair-
ments. The most common individual severe impairment identified using
the standard composite outcome of neurodevelopmental impairment

(NDI) for extremely low birth weight (ELBW) infants at age 18 and 30 months
is cognitive impairment, defined as a score >2 SD below the mean (<70).1-5 Early
developmental/cognitive function of PT children has traditionally been assessed
using the Bayley Scales of Infant Development.6,7 Updates of developmental tests
such as the Bayley Scales are standard because of steadily increasing scores over
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Bayley II Bayley Scales of Infant

Development, Second Edition

Bayley III Bayley Scales of Infant

and Toddler Development, Third

Edition

BPD Bronchopulmonary dysplasia

CA Corrected age

Cog Cognitive composite

CP Cerebral palsy

ELBW Extremely low birth weight

GA Gestational age

GMFCS Gross Motor Function

Classification System

IVH Intraventricular hemorrhage

MDI Mental Developmental Index

NDI Neurodevelopmental impairment

NEC Necrotizing enterocolitis

NRN Neonatal Research Network

PDI Psychomotor Developmental

Index

PT Preterm

PVL Periventricular leukomalacia

ROP Retinopathy of prematurity
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time (3 points per year), a phenomenon known as the Flynn
effect.8 There is some evidence of this effect. A report from
the Eunice Kennedy ShriverNational Institute of Child Health
and Human Development Neonatal Research Network
(NRN) on Bayley scores of infants born at gestational age
(GA) <32 weeks demonstrated increasing scores between
1993 and 1998.3 A limitation of the Bayley Scales of Infant
Development, Second Edition (Bayley II) is its inclusion of
only 2 developmental scores, the Mental Developmental In-
dex (MDI), a composite of cognitive, receptive language,
and expressive language tasks, and the Psychomotor Devel-
opmental Index (PDI), a composite of fine and gross motor
skills. This limitation contributed to the development of the
Bayley Scales of Infant and Toddler Development, Third Edi-
tion (Bayley III),7 which contains 3 individual developmental
scores: a cognitive composite score (Cog), a language com-
posite score (with receptive and expressive subscores), and
a motor composite score (with gross and fine motor sub-
scores), in addition to social-emotional and adaptive behav-
ior domains. This allows the examiner to identify a deficit in
a specific developmental domain as well as relative strengths
and challenges. It was expected that separating the language
scores from the Cog score might result in higher cognitive
scores.

The National Institute of Child Health and Human Devel-
opment’s NRN has been reporting on the outcomes of ELBW
infants (birth weight <1000 g) with the Bayley II since 1993.
The NRN converted to the Bayley III in January 2008. This
change in protocol provides an opportunity to compare rates
of low (<2 SD) Bayley II MDI scores and low Bayley III Cog
scores.

The objectives of the present study were (1) to compare
cognitive outcomes in infants born at a GA of #266/7 weeks
and a birth weight of #1000 g and assessed during period 1
(2006-2007) using the Bayley II and in infants assessed during
period 2 (2008-2011) using the Bayley III; (2) to explore the
utility of a threshold of <70 versus <85 on the Bayley III to
reflect impairment; and (3) to compare the association of
major neonatal morbidities with NDI rates between period
1 and period 2. We hypothesized that cognitive scores would
be higher and NDI rates lower in period 2, and that the Bayley
III would have comparable performance to the Bayley II in
identifying an increased risk of NDI in infants with major
neonatal morbidities.

Methods

This was a retrospective cohort study of ELBW infants with
a birth weight of 401-1000 g and born at a GA of <27 weeks
who were admitted to one of 20 neonatal intensive care units
in the NRN and underwent comprehensive neurologic and
developmental assessments at 18-22 months corrected age
(CA) during calendar years 2006-2011. The infants were cat-
egorized into 2 groups, those assessed during period 1 using
the Bayley II (n = 1012) and those assessed during period 2 us-
ing the Bayley III (n = 1616). In addition, to address potential
differences in factors other than Bayley scores that could affect

the rate of NDI, we used propensity score matching with SAS
software (SAS Institute, Cary, North Carolina)9 to select sub-
samples of children from the 2 time periods who were similar
based on the following characteristics: maternal age, educa-
tion, race, public insurance coverage, antenatal steroid use, ce-
sarean delivery, birth weight, GA, multiple birth, child’s sex,
intraventricular hemorrhage (IVH)/periventricular leukoma-
lacia (PVL), necrotizing enterocolitis (NEC), sepsis, broncho-
pulmonary dysplasia (BPD), retinopathy of prematurity
(ROP), postnatal steroid use, number of days on ventilation,
duration of hospital stay, adjusted age at follow-up assess-
ment, cerebral palsy (CP), vision impairment, hearing impair-
ment, and research center. These matched samples included
922 children from each time period for a total sample of 1844.
All maternal and neonatal data, treatments, and clinical

outcomes are prospectively collected in the NRN generic da-
tabase. Centers participating in the NRN received local Insti-
tutional Review Board approval for data collection. Trained
research coordinators obtained data based on the definitions
listed in the NRNManual of Operations. The effects of 4 ma-
jor neonatal risk factors (brain injury, defined as IVH grade
3-4 or cystic PVL; BPD; NEC; and sepsis) on NDI rates
were examined. BPD was defined as treatment with supple-
mental oxygen at 36 weeks gestation. IVH grade 3-4 was
based on the Papile classification scheme,10 and represents
the maximum grade noted on cranial ultrasound before dis-
charge. Cystic PVL was based on the reported head ultra-
sound examination. Sepsis was combined early-onset sepsis
(#72 hours) and/or late-onset sepsis (>72 hours) based on
positive blood cultures, and NEC was defined as modified
Bell classification stage II A or higher.
The follow-up evaluation included neurologic, hearing, vi-

sion, and developmental assessment. The NRN has protocols
in place for annual training of all examiners to ensure reliabil-
ity of all study assessments.11 The neurologic examination,
based on the Amiel-Tison assessment scheme,12 includes an
evaluation of tone, strength, reflexes, angles, and posture.
CP was defined as a nonprogressive central nervous system
disorder characterized by abnormal muscle tone in at least
one extremity and abnormal control of movement and pos-
ture. Hearing status was obtained by parental history, and
hearing impairment was confirmed by audiologic testing. A
history of eye examinations and procedures since initial dis-
charge was obtained, and a standard eye examination was
completed. Blindness was defined as bilateral corrected vision
of worse than 20/200.
Development was assessed with the Bayley II in period 1

and the Bayley III in period 2. Both tests have a mean score
of 100 � 15. A score <70 (>2 SD below the mean) indicates
significant delay, and a score of <85 (>1 SD below the mean)
indicates at least mild to moderate delay. The Bayley III man-
ual documents the establishment of content, criterion-related
and construct validity. A standardization sample of 1700 chil-
dren for the Bayley III was reported to be representative of the
2000 US Census population survey data for parent education,
ethnicity, and geographic location. Children with a history
of PT birth or cognitive, physical, or behavioral issues
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