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abstract

This study aimed to assess the sensitivity and speciﬁcity of the Bayley Scales of
Infant and Toddler Development, Third Edition (Bayley-III), Cognitive and Language scales at
24 months for predicting cognitive impairments in preterm children at 4 years.

BACKGROUND:

Children born ,30 weeks’ gestation completed the Bayley-III at 24 months and the
Differential Ability Scale, Second Edition (DAS-II), at 4 years to assess cognitive functioning.
Test norms and local term-born reference data were used to classify delay on the Bayley-III
Cognitive and Language scales. Impairment on the DAS-II Global Conceptual Ability, Verbal,
and Nonverbal Reasoning indices was classiﬁed relative to test norms. Scores , 21 SD
relative to the mean were classiﬁed as mild/moderate delay or impairment, and scores
, 22 SDs were classiﬁed as moderate delay or impairment.
METHODS:

RESULTS: A

total of 105 children completed the Bayley-III and DAS-II. The sensitivity of mild/
moderate cognitive delay on the Bayley-III for predicting impairment on DAS-II indices
ranged from 29.4% to 38.5% and speciﬁcity ranged from 92.3% to 95.5%. The sensitivity
of mild/moderate language delay on the Bayley-III for predicting impairment on DAS-II
indices ranged from 40% to 46.7% and speciﬁcity ranged from 81.1% to 85.7%. The use of
local reference data at 24 months to classify delay increased sensitivity but reduced
speciﬁcity. Receiver operating curve analysis identiﬁed optimum cut-point scores for the
Bayley-III that were more consistent with using local reference data than Bayley-III
normative data.

In our cohort of very preterm children, delay on the Bayley-III Cognitive and
Language scales was not strongly predictive of future impairments. More children destined for
later cognitive impairment were identiﬁed by using cut-points based on local reference data
than Bayley-III norms.
CONCLUSIONS:

WHAT’S KNOWN ON THIS SUBJECT: There is
concern that the Bayley-III overestimates
developmental functioning in preterm
populations. The ability of the Bayley-III Cognitive
and Language scales to predict later functioning
in very preterm children has not been examined.
WHAT THIS STUDY ADDS: The norms on the
Bayley-III Cognitive and Language scales at
24 months had low sensitivity for impairment
across general cognitive, verbal and nonverbal
reasoning domains at 4 years, which was better
detected using cut-points based on local termborn reference data.
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For decades the Bayley Scales of
Infant Development (BSID) have been
used for the early identiﬁcation and
quantiﬁcation of developmental delay
and to determine eligibility for early
intervention services in infants. One
limitation of the ﬁrst and second
editions of the Bayley scales (BSID
and BSID-II)1,2 is that they provided
only 2 broad developmental indices:
the Mental Development Index (MDI),
which evaluated early cognitive and
language development, and the
Psychomotor Development Index,
which evaluated early ﬁne and gross
motor development. These broad
indices lacked the capacity to
differentiate speciﬁc delays in
cognitive and language development
or in ﬁne and gross motor
development, which are important for
determining appropriate intervention
services. A systematic review
reported that the ability of the MDI to
predict later functioning in preterm
populations was variable, indicating
a moderate correlation with general
cognitive function in preschool-/
school-aged children (meta-analysis
of 14 studies: r = 0.61; range:
0.39–0.72) and inconsistent
associations with language function
in preschool-aged children (3 studies;
range: 0.23–0.68).3
The most recent edition, the Bayley
Scales of Infant and Toddler
Development, Third Edition (BayleyIII),4 has been restructured to include
index scores for cognitive, language,
and motor domains. The
standardization of the 3 editions of
the Bayley scales was conducted in
a US population and for the Bayley-III
included 10% with developmental
problems reﬂecting the general
population.4 It was hoped that
changes in the Bayley-III test
structure and restandardization
would improve its capacity to identify
speciﬁc developmental problems in
high-risk infants, such as those born
preterm. Unfortunately, initial reports
suggest that the Bayley-III
underestimates rates of
developmental delay in preterm and

term-born infants across cognitive,
language, and motor domains.5–10 In
light of these reports, it is important
to assess the Bayley-III’s capacity to
predict later cognitive, language, and
motor impairments.
In children born ,30 weeks’
gestational age (GA) the Bayley-III
Motor scale at 24 months
underestimates motor impairment at
4 years,8 and the Expressive and
Receptive Language subscales at
3 years underestimate the prevalence
of language impairment at 5 years.11
In the current study we aimed to
evaluate the sensitivity and speciﬁcity
of the Bayley-III Cognitive and
Language scales at 24 months for
predicting impairments in general
cognitive, verbal, and nonverbal
functioning at 4 years in children
born very preterm (VP).

VP children for the Bayley-III, which
acknowledges that Australian
children perform above the current
test norms.5 We also used the test
norms to deﬁne developmental delay,
which is how the Bayley-III was
intended to be used. The local
reference group for the Bayley-III
comprised 220 term-born infants
recruited at birth in 2005 as part of
a prospective longitudinal cohort
study, 202 (92%) of whom
participated in the 24-month followup.5
The Human Research Ethics
Committee of the Royal Children’s
Hospital approved the 24-month and
4-year follow-up studies of the VP
children in the RCT and the local
reference group at 24 months.
Parents provided written informed
consent before participation.

Assessment of Cognitive Function
METHODS

Bayley-III

Participants

At 24 months, children were assessed
using the Bayley-III4 by
a psychologist or occupational
therapist with Bayley-III certiﬁcation
blinded to the child’s perinatal
history. The Bayley-III generates
scores for 3 composite indices
(Cognitive, Language, Motor) and
5 subtests (Cognitive, Expressive
Communication, Receptive
Communication, Fine Motor, Gross
Motor). In this study we focus on the
Cognitive scale, which estimates
general cognitive functioning on the
basis of nonverbal activities involving
memory, problem solving, and
manipulation, and the Language scale,
which estimates receptive
communication, including verbal
understanding and concept
development, as well as expressive
communication, including the ability
to communicate through words and
gestures. Age-standardized scores
for each scale were calculated by
using test norms (mean = 100; SD =
15). By using test norms and local
term-born reference data (Cognitive:
mean = 108.9; SD = 14.3; Language:
mean = 108.2; SD = 14.8), “mild/

The VP cohort was recruited for
a randomized controlled trial (RCT)
of a home-based preventive care
program.12–14 Infants born ,30
weeks’ GA were recruited from the
Royal Women’s and the Royal
Children’s hospitals in Melbourne,
Australia, from January 2005 to
January 2007. Exclusion criteria
included having a congenital brain
anomaly, family not living within
a 100-kilometer radius of the
hospital, or non-English speaking
family. Participants were assessed at
24 months’ corrected age (CA) when
they completed the Bayley-III and at
4 years’ CA when they completed the
Differential Ability Scale, Second
Edition (DAS-II).15 There was little
evidence of difference in cognitive
performance between intervention
and control groups at the 24-month
or 4-year follow-ups12,13; therefore,
the data for the 2 groups were
combined in the current study.
A local reference group of term-born
children ($37 weeks’ GA) was used
to deﬁne developmental delay in the
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moderate developmental delay” was
classiﬁed as scores , 21 SD relative
to the mean, whereas “moderate
developmental delay” referred to
scores , 22 SDs relative to the mean.
The Cognitive scale scores increase in
5-point steps (eg, 90, 95, 100, etc),
whereas the Language scale scores
increase in steps of 2 to 3 points.
With the use of the Bayley-III norms,
the cut-points are ,85 and ,70 to
identify mild/moderate and moderate
delay, respectively. By using the local
reference data, the cut-points are
,95 and ,85, respectively, for the
Cognitive scale and ,94 and ,79,
respectively, for the Language scale,
to allow for the discrete nature of the
Bayley-III scores.

DAS-II
At 4 years, children were assessed
using the DAS-II15 by a psychologist
blinded to the child’s history. The
DAS-II comprises a collection of
subtests that assess general
reasoning and conceptual abilities,
which are used to generate
a summary measure that is similar to
IQ (general conceptual ability [GCA]).
Additional summary indices include
the Verbal index, which estimates
acquired verbal concepts and
knowledge, and the Nonverbal
Reasoning index, which estimates
complex nonverbal, inductive
reasoning requiring mental
processing. Age-standardized scores
were calculated for each outcome by
using test norms (mean = 100; SD =
15). “Mild/moderate impairment”
was classiﬁed as scores ,85, and
“moderate impairment” as a score
,70.

Statistical Analyses
Statistical analyses were performed
by using Stata 13 (Stata Corp, College
Station, TX) and SPSS 22 (IBM SPSS
Statistics, IBM Corporation, Armonk,
NY). The association between
continuous scores on the Bayley-III
Cognitive and Language scales at 24
months and the DAS-II GCA, Verbal,
and Nonverbal Reasoning indices at

4 years was assessed by using linear
regression models. Regression
models were ﬁtted with the use of
generalized estimating equations to
allow for the nonindependence of
observations from twins/triplets, by
using an exchangeable correlation
structure, which assumes within
a cluster any 2 observations are
equally correlated. Results are
presented as regression estimates
and 95% conﬁdence intervals (CIs)
from separate regression models for
each predictor/outcome relationship
based on robust SEs, which are valid
even if the assumption regarding the
correlation structure is not correct.
Sensitivity, speciﬁcity, and positive
and negative predictive values along
with 95% CIs were used to assess the
mild/moderate and moderate
developmental delay classiﬁcations
on the Bayley-III scales for predicting
mild/moderate and moderate
impairment on the DAS-II indices. The
association between the Bayley-III
Language scale and the DAS-II
Nonverbal Reasoning index was not
examined because these measures
estimate different domains. Receiver
operating characteristic (ROC) curves
were used to identify the optimal cutpoints (based on the best
combination of sensitivity and
speciﬁcity) on the Bayley-III scales for
predicting mild/moderate
impairment and moderate
impairment on the DAS-II indices. The

area under the curve (AUC) and its
95% CI were calculated for each ROC
curve and are presented with P values
testing the null hypothesis that AUC
equals 0.50, which represents no
relationship between the 2 scores.

RESULTS
Characteristics of the Sample
At 24 months’ CA, 115 of the 120 VP
infants enrolled in the RCT completed
the Bayley-III (3 infants died, 2
withdrew), and 105 of these
completed the DAS-II at the 4-year
follow-up and are included in the
current analyses (9 additional
children withdrew or could not be
contacted, 1 did not complete the full
assessment). A small number of
children did not complete all
Bayley-III and DAS-II subtests, and it
was therefore not possible to
calculate the scales and indexes for all
105 children. The mean CA of the
VP group at the 24-month follow-up
was 24.8 months (SD = 1.0) and at the
4-year follow-up was 53.2 months
(SD = 3.1). The perinatal and
demographic characteristics were
similar between the VP children who
did and did not complete the DAS-II
(Table 1). The local term-born
reference group at 24 months (mean
CA = 24.6 months; SD 2.0) who had
Bayley-III data (n = 190) comprised
89 (45%) boys and 60 (31%) with
higher social risk. The VP and local

TABLE 1 Perinatal and Demographic Characteristics of the VP Children in the Current Study and
in the Original RCT Who Did Not Complete the DAS-II at 4 Years

n
Gestational age, mean (SD), wk
Birth weight, mean (SD), g
Boys, n (%)
Multiple births, n (%)
Higher social risk (score $2),a n (%)
Bronchopulmonary dysplasia, n (%)
Postnatal corticosteroids, n (%)
Grade 3 or 4 IVH, n (%)
Cystic PVL, n (%)

DAS-II at 4 Years

No DAS-II at 4 Years

105
27.3 (1.5)
1022 (268)
56 (53)
35 (33)
48 (52)
33 (31)
5 (5)
6 (6)
3 (3)

15
27.3 (1.3)
929 (249)
5 (33)
4 (27)
.
2 (13)
0 (0)
0 (0)
0 (0)

Percentages are based on those with available data. IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia.
a Social Risk Index16 scores range from 0 to 12 (higher scores reﬂect greater risk) and are based on family structure,
primary caregiver education, primary income earner employment status and occupation, language spoken at home, and
maternal age at birth of the child. Results reported are based on 93 children with social risk data collected at 4 years.
There were no data available on social risk for those who did not attend the 4-year assessment.
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term-born reference groups were
similar for age and gender at the
24-month follow-up, but not for social
risk status.
At 24 months, the mean scores on the
Bayley-III Cognitive and Language
scales in the VP group were 96.8
(SD = 12.6; n = 105) and 96.5 (SD =
15.3; n = 101), respectively. On the
Cognitive scale, 12 (11%) had mild/
moderate delay and 1 (1%) had
moderate delay according to test
norms, but 37 (35%) had mild/
moderate and 12 (11%) had
moderate delay based on cut-points
using local term-born reference data.
On the Language scale, 21 (21%)
had mild/moderate delay and 2 (2%)
had moderate delay using test norms,
but 38 (38%) had mild/moderate
delay and 16 (16%) had moderate
delay relative to local term-born
reference data.
At 4 years, the mean scores on the
DAS-II indices in the VP group were
as follows: GCA = 98.5 (SD = 15.4;
n = 103); Verbal = 97.1 (SD = 15.1;
n = 104); and Nonverbal Reasoning =
99.9 (SD = 13.1; n = 101). The rates of
mild/moderate and moderate
impairment, respectively, at 4 years
were 17% and 7% on the GCA, 13%
and 6% on the Verbal index, and 13%
and 1% on the Nonverbal Reasoning
index.

Predictive Ability of the Bayley-III
Cognitive Scale
Higher Bayley-III Cognitive scores
at 24 months were associated with
higher DAS-II indices at 4 years:
GCA regression coefﬁcient = 0.78
(95% CI: 0.55–1.02; P , .001;
variance explained = 37%) (Fig 1);
Verbal regression coefﬁcient = 0.63
(95% CI: 0.38–0.89; P , .001;
variance explained = 28%);
Nonverbal Reasoning regression
coefﬁcient = 0.56 (95% CI:
0.36–0.75; P , .001; variance
explained = 24%).
The sensitivity of mild/moderate
delay (,85) on the Cognitive scale for
predicting mild/moderate

FIGURE 1
Scatterplots of the Bayley-III Cognitive scale score at 24 months against the DAS-II indices at 4 years, with
ﬁtted regression line. The size of the circles reﬂects the number of children with the same score on both
measures. A, DAS-II GCA (n = 103); B, DAS-II Verbal (n = 104); C, DAS-II Nonverbal Reasoning (n = 101).

impairment on the DAS-II indices was
low but speciﬁcity was high (Table 2).
Results are not reported for the

moderate delay classiﬁcation on the
Bayley-III because this identiﬁed only
1 infant who did not have scores for
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any index on the DAS-II at 4 years. By
using local reference data, the
sensitivity of mild/moderate delay
(,95) on the Cognitive scale for
predicting mild/moderate
impairment on the DAS-II indices was
higher, but speciﬁcity was lower than
when using the test norms. The
sensitivities of moderate delay (,85)
on the Cognitive scale for predicting
moderate impairment on the DAS-II
indices were reasonable, but the CIs
were wider than for mild/moderate
delay (Table 2).

Predictive Ability of the Bayley-III
Language Scale
Higher Bayley-III Language scale
scores at 24 months were associated
with higher DAS-II GCA and Verbal
indices at 4 years: GCA regression
coefﬁcient = 0.45 (95% CI: 0.26–0.65;
P , .001; variance explained = 20%)
(Fig 2); Verbal regression coefﬁcient =
0.50 (95% CI: 0.29–0.71; P , .001;
variance explained = 28%). The
sensitivity of mild/moderate delay
(,85) on the Language scale for
predicting mild/moderate
impairment on DAS-II GCA and Verbal
indices was low and speciﬁcity was
high (Table 3). The sensitivity of the
moderate delay (,70) on the
Language scale for predicting
moderate impairment on the DAS-II
indices was low, although speciﬁcity
was 100%. By using local reference
data, the sensitivity of mild/moderate

delay (,94) on the Language scale
for predicting mild/moderate
impairment on the DAS-II indices
was improved, but speciﬁcity was
lower compared with using the test
norms. The sensitivity of the
moderate delay (,79) on the
Language scale for predicting
moderate impairment on the DAS-II
indices was low, although speciﬁcity
was high (Table 3).
Overall, the positive predictive values
of the Bayley-III Cognitive and
Language scales at 24 months for
predicting impairment on DAS-II
indices at 4 years were lower than the
negative predictive values. When
local term-born reference data were
used compared with test norms, the
positive predictive values were lower,
reﬂecting the increasing number of
false positives identiﬁed by using
a higher cut-point.

Optimum Cut-points for Bayley-III
Cognitive and Language Scales as
a Predictor of Impairment on the
DAS-II Indices From ROC Curves
The optimum cut-points for the
Bayley-III scores and AUCs are shown
in Table 4. The cut-points from the
ROC curves were always closer to,
and sometimes the same as, those
from the local term-born reference
data than they were to the Bayley-III
normative cut-points. In each case,
there was strong evidence of an
association between delay on the

Bayley-III and impairment on the
DAS-II (all P , .05).

DISCUSSION
In our cohort of Australian children
born ,30 weeks’ GA, delay on the
Bayley-III Cognitive and Language
scales at 24 months was not strongly
predictive of cognitive impairment at
4 years. The Bayley-III Cognitive and
Language scale scores were positively
associated with later functioning
across general cognitive, verbal, and
nonverbal reasoning domains. The
strength of these associations was
moderate to large for both Bayley-III
scales. A recent systematic review
showed a similar positive and
moderate association for the earlier
BSID-II MDI (a single index providing
an estimate of cognitive and language
development) and later childhood
general intellectual but not language
functioning in preterm populations.3
The developmental delay
classiﬁcations of the Bayley-III
Cognitive and Language scale scores
for predicting future cognitive, verbal,
and nonverbal reasoning
impairments had concerning low
levels of sensitivity, but high
speciﬁcity, which is consistent with
previous research on the Bayley-III
scales8,11 and other early
developmental tools.17 The use of
local term-born reference data to
determine developmental delay on

TABLE 2 Sensitivity, Speciﬁcity, and Positive and Negative Predictive Values for Delay on the Bayley-III Cognitive Scale at 24 Months Predicting
Impairment on DAS-II Indices at 4 Years
Bayley-III Cognitive Scale
at 24 Months (Cut-point)

DAS-II Index at 4 Years

Classiﬁed using test norms at 24 monthsa
Mild/moderate delay (,85)
GCA ,85
Verbal ,85
Nonverbal Reasoning ,85
Classiﬁed using local reference data at 24 months
Mild/moderate delay (,95)
GCA ,85
Verbal ,85
Nonverbal Reasoning ,85
Moderate delay (,85)
GCA ,70
Verbal ,70
Nonverbal Reasoning ,70

n

Sensitivity (95% CI)

Speciﬁcity
(95% CI)

Positive Predictive
Value (95% CI)

Negative Predictive
Value (95% CI)

103
104
101

29.4 (10.3–56.0)
38.5 (13.9–68.4)
30.8 (9.1–61.4)

94.2 (87.0–98.1)
92.3 (84.8–96.9)
95.5 (88.8–98.7)

50.0 (18.7–81.3)
41.7 (15.2–72.3)
50.0 (15.7–84.3)

87.1 (78.5–93.2)
91.3 (83.6–96.2)
90.3 (82.4–95.5)

74.4
67.0
73.9
94.8
90.8
93.0

37.1
18.9
30.3
50.0
25.0
12.5

103
104
101
103
104
101

76.5
53.8
76.9
71.4
50.0
100.0

(50.1–93.2)
(25.1–80.8)
(46.2–95.0)
(29.0–96.3)
(11.8–88.2)
(2.5–100.0)

(63.9–83.2)
(56.4–76.5)
(63.4–82.7)
(88.3–98.3)
(83.3–95.7)
(86.1–97.1)

(21.5–5.1)
(8.0–35.2)
(15.6–58.7)
(18.7–91.3)
(5.5–57.2)
(3.2– 52.6)

94.1
91.0
95.6
97.8
96.7
100.0

(85.6–98.4)
(81.5–96.6)
(87.6–99.1)
(92.4–99.7)
(90.8–99.3)
(96.1– 100.0)

Data are presented as percentages unless otherwise indicated.
a Results are not presented for moderate delay (,70) for the Bayley-III at 24 months using test norms because this only identiﬁed 1 participant as impaired who was missing 2 out of the
3 outcomes on the DAS-II.
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cut-points for developmental delay
might be too low and could be more
useful if cut-points were higher,
which is consistent with the
suggestion of recent investigations by
other groups.18 The Cognitive scale
was equally associated with future
verbal and nonverbal reasoning.
A previous study in very low birth
weight (,1500 g) children using the
BSID MDI at 24 months reported
higher sensitivity compared with our
results (62%; 95% CI: 44–77%) and
a similar level of speciﬁcity (89%;
95% CI: 79–95%) for predicting
general intellectual functioning at
3.5 years by using the mild/moderate
delay classiﬁcation and low
sensitivity (37%; 95% CI: 18–61%)
and high speciﬁcity (97%; 95% CI:
91–99%) by using the moderate
delay classiﬁcation.19

FIGURE 2
Scatterplots of the Bayley-III Language scale score at 24 months against the DAS-II indices at 4 years,
with ﬁtted regression line. The size of the circles reﬂects the number of children with the same
score on both measures. A, DAS-II GCA (n = 99); B, DAS-II Verbal (n = 100).

the Bayley-III improved sensitivity,
and cut-points were more consistent
with those obtained from ROC curve

analysis than those from the Bayley-III
normative data. This pattern of
results suggests that the Bayley-III

The Bayley-III Cognitive and
Language scale average scores were
high (96.8 and 96.9, respectively) and
rates of developmental delay with the
use of test norms were low in our
cohort of VP children at 24 months
(mild/moderate delay: 11% and 21%,
respectively; moderate delay: 1% and
2%, respectively). Higher rates of
delay on the Cognitive and Language
scales were observed when local
term-born reference data were used
to determine cut-points (mild/
moderate delay: 35% and 38%,
respectively; moderate delay: 11%
and 16%, respectively). Our group
has previously reported
underestimation of the rates of delay

TABLE 3 Sensitivity, Speciﬁcity, and Positive and Negative Predictive Values for Delay on the Bayley-III Language Scale at 24 Months Predicting
Impairment on the DAS-II Indices at 4 Years
Bayley-III Language Scale at
24 Months (Cut-point)

DAS-II Index at 4 Years
(Cut-point)

n

GCA ,85
Verbal ,85
GCA ,70
Verbal ,70

99
100
99
100

46.7
40.0
16.7
25.0

GCA ,85
Verbal ,85
GCA ,70
Verbal ,70

99
100
99
100

66.7
70.0
50.0
75.0

Classiﬁed using test norms
Mild/moderate delay (,85)
Moderate delay (,70)
Classiﬁed using local reference data
Mild/moderate delay (,94)
Moderate delay (,79)

Sensitivity (95% CI)

Speciﬁcity (95% CI)

Positive Predictive
Value (95% CI)

Negative Predicted
Value (95% CI)

(21.3–73.4)
(12.2–73.8)
(0.4–64.1)
(6.3–80.6)

85.7
81.1
100.0
99.0

(76.4–92.4)
(71.5–88.6)
(96.1–100.0)
(94.3–100.0)

36.8
19.0
100.0
50.0

(16.3–61.6)
(5.4–41.9)
(2.5–100.0)
(1.3–98.7)

90.0
92.4
94.9
96.9

(81.2–95.6)
(84.2–97.2)
(88.5–98.3)
(91.3–99.4)

(38.4–88.2)
(34.8–83.3)
(11.8–88.2)
(19.4–99.4)

69.0
65.6
88.2
86.5

(58.0–78.7)
(54.8–75.3)
(79.8–94.0)
(78.0–92.6)

27.8
18.4
21.4
18.8

(14.2–45.2)
(7.7–34.3)
(4.7–50.8)
(4.0–45.6)

92.1
95.2
96.5
98.8

(82.4–97.4)
(86.5–99.0)
(99.0–99.3)
(93.5–100.0)

Data are presented as percentages unless otherwise indicated.
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TABLE 4 Optimal Cut-points on the Bayley-III Scales and AUCs from ROC Analysis Assessing the Bayley-III Scales at 24 Months as a Diagnostic Tool for
Predicting Impairment on the DAS-II Indices at 4 Years
Impaired on DAS-II Index, n

Optimal Bayley-III Cut-point

AUC

95% CI

P

17
13
13

,95
,90
,95

0.824
0.724
0.831

0.728–0.919
0.569–0.878
0.730–0.932

,.001
.009
,.001

7
6

,90
,90

0.917
0.812

0.813–1.0
0.662–0.963

,.001
.011

17
13

,91
,94

0.748
0.718

0.615–0.882
0.548–0.888

.002
.024

7
6

,91
,77

0.798
0.909

0.618–0.979
0.820–0.997

.015
.006

Bayley-III Cognitive scale
Mild/moderate impairment on DAS-II index
GCA
Verbal
Nonverbal Reasoning
Moderate impairment on DAS-II indexa
GCA
Verbal
Bayley-III Language scale
Mild/moderate impairment on DAS-II index
GCA
Verbal
Moderate impairment on DAS-II index
GCA
Verbal
a

AUC not calculated for moderate cognitive impairment because only 1 child had moderate impairment on the Nonverbal Reasoning index.

using the Bayley-III Motor scale with
the use of test norms in this same
cohort of VP children.8 Another group
has reported a similar pattern of
underestimation of the rates of delay
for the Bayley-III Expressive and
Receptive subscales with the use of
test norms in a cohort of VP
children.11 An increasing number of
published studies are in agreement
that the Bayley-III scales overestimate
developmental status in preterm
populations, evidenced by higher
average scores6,7,9 and lower rates of
delay6,9,20 compared with earlier
versions on the BSID-II MDI scores
and higher rates of delay when using
local term-born reference data to
calculate cut-points for classifying the
level of delay.5,6 Importantly, the
current study contributes to this body
of research by revealing discordance
between developmental delay on the
Bayley-III and later cognitive
impairment. We observed higher
rates of delay on the Bayley-III
Language scale than with the Bayley-III
Cognitive scale, almost twofold, which
is consistent with some studies in
preterm populations,5,9 and in
contrast to other studies.20,21

Our study ﬁndings should be
considered in the context of some
limitations. Although the Bayley-III
was not designed to predict future
cognitive functioning, understanding
its predictive ability is crucial because
it is often used across research and
clinical settings in this way.
Developmental assessments such as
the Bayley-III are designed to assess
developmental delay, and there is an
expectation that some children who
are delayed will show catch-up to
their peers; therefore, modest
agreement between Bayley-III and
later IQ measures is to be expected.
We assessed VP children at 24
months on the Bayley-III; however, its
capacity to predict future functioning
could vary with age at assessment,
limiting the generalizability of our
ﬁndings. A potentially stronger
association between the Bayley-III
Language scale and later language
functioning might be revealed if
a more comprehensive assessment of
language was performed at the 4-year
follow-up. Our ﬁndings suggest that
DAS-II indices also underestimate
impairment when using test norms,
as evidenced by the mean scores and

rates of impairment of the VP cohort
and the local term-born reference
group. Another possible limitation is
that the study sample was part of
a clinical trial and may not represent
all infants born ,30 weeks’ GA.

CONCLUSIONS
Although the Bayley-III Cognitive and
Language scales at 24 months are
associated with cognitive functioning
at 4 years, developmental delay on
these scales has low sensitivity in
predicting later impairment. The use
of local term-born reference data
improved the identiﬁcation of
children destined to have later
intellectual impairment. ROC analysis
identiﬁed optimum cut-point scores
for the Bayley-III that were more
consistent with using local term-born
reference data than with using the
normative data for the Bayley-III. The
clinical implications of these ﬁndings
are that some at-risk children seen at
24 months are not being classiﬁed as
delayed on the Bayley-III and
accordingly might not receive the
level of monitoring or early
intervention that is warranted.
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