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ABSTRACT
Background The Parent Report of Children’s Abilities-
Revised (PARCA-R) assesses cognitive and language
development at 24 months. It was validated against the
Mental Development Index of the Bayley Scales of Infant
Development II (BSID II), but this has now been
superseded by BSID III.
Objective To compare the PARCA-R against the BSID III.
Methods PARCA-R and BSID III assessments scheduled
at 24 months of age (corrected for prematurity) were
completed in 204 infants with suspected or proven
neonatal sepsis in the International Neonatal
Immunotherapy Study. Associations between the scales
were measured and the predictive accuracy of the PARCA-R
for moderate cognitive delay and moderate language delay
was assessed using Receiver Operating Characteristic (ROC)
analysis.
Results Median birthweight was 911 g, median
gestational age at birth was 27 weeks and 100 (49.0%)
were girls. 4.4% and 8.4% met standard BSID III criteria
for cognitive delay and language delay, respectively. These
rates increased to 19.6% and 12.6% when an
independent sample of normal term infants were used as
the reference group suggesting standard BSID III reference
norms may tend to underestimate delay. The Spearman
correlation between PARCA-R and BSID scales were 0.43
for cognition and 0.71 for language. The PARCA-R
successfully predicted cases of cognitive delay and
language delay with the area under the ROC curves
ranging from 0.83 to 0.97 depending on reference norms
used.
Conclusions The results support the PARCA-R as a
practical tool for the identification of appreciable
cognitive and language delay at 24 months among
critically ill premature and extremely low birthweight
neonates.

BACKGROUND
Parent-completed assessments of children’s abilities
represent a more practical and cost-effective
method for collecting longer-term outcome data in
neonatal clinical trials,1 as well as in the monitoring
of high-risk populations (eg, preterm infants),2

than formal neurodevelopmental appraisals per-
formed by trained assessors. The Parent Report of
Children’s Abilities–Revised (PARCA–R) is an
example of a parent-completed questionnaire devel-
oped to evaluate language and cognitive ability at
24 months3 4 that has been successfully used in a
number of neonatal clinical trials5 6 and has been
previously validated against the Mental
Development Index of the Bayley Scales of Infant

Development II (BSID II).1 3 4 The BSID II was a
widely used and well regarded developmental
assessment designed to be administered by a trained
examiner; however, it has recently been superseded
by a new version (BSID III)7 8 that has scales that
are not directly comparable with its predecessor.
For example, the BSID III produces separate lan-
guage and cognitive skills scores, whereas the BSID
II combined these skills into the Mental
Development Index. The aim of the present study
was to compare the PARCA-R as an indicator of
development in high-risk infants against the latest
version of the BSID (BSID III), given that instru-
ment’s potential to gain acceptance as a new criter-
ion approach to developmental assessment.

What is already known on this subject

▸ The Parent Report of Children’s
Abilities-Revised (PARCA-R) is a
parent-administered developmental
questionnaire that is a practical and cheaper
alternative to tests administered by trained
assessors for outcome assessment in neonatal
trials.

▸ The PARCA-R was validated against the Bayley
Scales of Infant Development II (BSID II), but
this has now been superseded by BSID III.

▸ The aim was to compare the PARCA-R as an
indicator of cognitive and language
development against the latest version of the
BSID (BSID III)

What this study adds

▸ A sample of 204 infants previously treated for
suspected or proven neonatal sepsis was
assessed with the The Parent Report of Children’s
Abilities-Revised (PARCA-R) and Bayley Scales of
Infant Development III (BSID III).

▸ The PARCA-R language and cognitive scales
correlated with those from the BSID III, and
were able to predict cases of appreciable delay
accurately.

▸ The results support the use of the PARCA-R for
the assessment of 24 month outcomes in
neonatal clinical trials.
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METHODS
The children in this study comprised a sample of participants in
the International Neonatal Immunotherapy Study (INIS). INIS
was a double-blind, randomised, controlled trial of human
pooled intravenous immunoglobulin versus placebo as adjunct-
ive treatment for proven or suspected neonatal sepsis.6 The 9
countries (UK, Australia, Argentina, New Zealand, Serbia,
Greece, Denmark, Belgium, Ireland) participating in INIS
enrolled 3493 babies with a median birthweight of 1000 g and
median gestational age of 28 weeks.

The primary outcome for INIS was death or major disability at
2 years, adjusted for gestational age and assessed by a parent ques-
tionnaire that included the PARCA-R. A sample of 858 infants at
selected sites in Australia and New Zealand were also planned to
be assessed using the BSID, of which 690 (80%) did complete a
BSID assessment and 747 (87%) did complete a PARCA-R assess-
ment. The higher completion rate for the PARCA-R suggests there
were no particular problems with parent acceptability, and the
feasibility of administration by phone to parents, in the few cases
where necessary, underscores the instrument’s broad applicability
to parents of different abilities.

During the INIS follow-up period, the BSID III replaced the
BSID II as the standard neurodevelopmental assessment tool
used in a number of participating hospitals. Of the 690 infants
assessed with the BSID, 484 received the BSID II and 206
received the BSID III. An assessment with PARCA-R was com-
pleted in 204/206 (99%) infants that received the BSID III.

The parent questionnaire (comprising the PARCA-R) was
mailed to parents for completion approximately 4 weeks before
the child reached 24 months of age (corrected for any prematur-
ity).The BSID III was administered by a certified psychologist,
or other trained assessor, at the time of the scheduled 24 month
INIS follow-up visit.

The PARCA–R assesses non-verbal cognition using 34 items
and linguistic skill using a 100-word checklist assessing vocabu-
lary plus 18 items assessing sentence construction complexity.
Scored responses to items within each domain are summed to
produce a non-verbal cognition scale and a linguistic skill scale.
An item that is left blank does not contribute to the scale score
(ie, a blank is interpreted as a negative response). These scales
may be combined to form an overall Parent Report Composite
score with a range of 0–158.

The BSID III items fall into the developmental areas of cogni-
tion, language and motor skills. BSID III can also be used to
derive scores for social-emotional as well as adaptive behaviour.
For each developmental aspect, the BSID III yields a score that
is age-adjusted and standardised against a normative population
to have a mean of 100 and an SD of 15. Data obtained from
the cognition and language scales from the BSID III were
included in the current analysis.

The strength of association between the PARCA-R and BSID
III cognitive and language scales were quantified using
Spearman correlation coefficients. A receiver-operator character-
istics (ROC) curve was constructed to evaluate the ability of the
PARCA-R to predict moderate or worse delay on the BSID III
cognition and language composite scales. The area under the
ROC curve (AUC) was calculated to provide a summary
measure of predictive performance.

Moderate or worse delay in cognitive ability and in language
ability was defined as a BSID III score on the relevant compo-
nent scale that was at least 2 SD below the norm of 100 (ie, a
score <70). A secondary analysis was also undertaken using the
published scores from an Australian normative cohort of infants

born at term to define delay.9 A BSID III Cognitive Composite
Score <80.3 and a BSID III Language Composite Score <78.6,
each equated to 2 SDs below the mean for the Australian nor-
mative cohort.

Ethics approval was obtained for all Australian participants
from the research and ethics committee of The University of
Sydney and the ethics committees of all participating hospitals.
Ethics approval was obtained for New Zealand participants
from the Ministry of Health’s Multi-regional Ethics Committee.

RESULTS
The median birthweight of the 204 infants in the study was
911 g (IQR: 718–1163), the median gestational age at birth was
27 (IQR: 25–30) weeks and 100 (49.0%) were girls. At the
follow-up assessment, 28 (13.7%) had a confirmed or suspected
hearing loss, 79 (38.7%) had chest symptoms, 15 (7.4%) had
experienced seizures and 25 (12.3%) had a confirmed or sus-
pected diagnosis of cerebral palsy.

The median (corrected) age of subjects in months at the time
of the assessments was 24.3 (IQR: 23.6–25.6, min-max: 11.7–
44.8) for the PARCA-R and 24.6 (IQR: 24.0–25.4, min-max:
12.0–38.5) for the BSID III. Over half of the infants were
assessed within ±1 month of the 24 month target with the
PARCA-R (55.8%), and the BSID III (57.4%). The interval
between the administration of the two assessments was less than
1 month for 70.1% of the sample, and less than 2 months for
82% of the sample. Complete PARCA-R data were available for
186/204 (91%) infants, and no infant had more than five
missing item responses.

Table 1 provides descriptive statistics on the PARCA-R and
BSID III scales. The Spearman correlation between PARCA-R
and BSID scales was moderate (0.43) for the cognition compo-
nent and greater (0.71) for the language component (table 2).
These correlations were stronger (ie, 0.48 and 0.81, respectively)
for the subset of infants that had both assessments completed
within ±1 month of the target. Scatter plots depicting the rela-
tionship between the cognitive and language components of the
PARCA-R versus the BSID III are shown in figure 1. The points
appeared relatively symmetrically distributed above and below
the fitted regression line. There was nevertheless some suggestion
of floor effects in the PARCA-R language scale in figure 1, and all
three infants with extremely positive scores BSID cognitive scale
(ie, ≥99th percentile) appeared as outlying cases.

Table 1 PARCA-R and BSID III scale scores

PARCA-R BSID III

Non–
verbal
cognition
subscale

Linguistic
skills
scale

Parent
report
composite

Cognitive
composite

Language
composite

N 204 204 204 204 190*
Mean 24.6 48.3 72.9 94.8 94.3
SD 5.3 34.0 37.4 15.5 16.6
Median 26 42 67 95 94
IQR 22–28 19–72 43–98 85–105 86–106
Min-Max 0 to 34 0 to 123 0 to 150 55 to 145 47 to 141

*Missing for 14 infants.
PARCA-R, Parent Report of Children’s Abilities–Revised; BSID III, Bayley Scales of
Infant Development III
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The 95% prediction limit (ie, the CI for an individually pre-
dicted value) was approximately ±26 points for the PARCA-R
cognitive scale and approximately ±24 points for the PARCA-R
language scale. The average width of the 95% CI for the

regression line was ±2.4 for both the cognitive scale and the
language scale; with precision being notably lower in regions of
the scales occupied by few cases (eg, for infants with very low
PARCA-R cognition scores).

Using the standard normative scoring for the BSID, 9 infants
(4.4%, 95% CI 1.6% to 7.2%) met the criteria for at least mod-
erate cognitive delay (BSID cognitive composite score <70),
and 16 (8.4%, 95% CI 4.5% to 12.4%) met the criteria for at
least moderate language delay (BSID language composite
score<70). The PARCA–R cognitive component identified the
cases of cognitive delay accurately achieving an AUC of 0.96
(95% CI 0.90 to 1.00; a cut-point of ≤19 on the cognitive com-
ponent had a sensitivity of 0.89 and specificity of 0.89). The
PARCA-R language component likewise identified the cases of
language delay accurately achieving an AUC of 0.97 (95% CI
0.94 to 0.99; a cut-point of ≤23 on the language component
had a sensitivity of 0.75 and specificity of 0.79).

Using the Australian normative cohort as the reference group
to define moderate or worse cognitive and language delay, 40
infants in our cohort (19.6%, 95% CI 14.2% to 25.1%) met
the criteria for cognitive delay (ie, a BSID cognitive composite
<80.3), and 24 (12.6%, 95% CI 7.9% to 17.4%) met the cri-
teria for language delay (ie, a BSID cognitive composite<78.6).
The PARCA–R cognitive component identified the cases of cog-
nitive delay with an AUC of 0.83 (95% CI 0.77 to 0.90; a cut-
point of ≤10 on the cognitive component had a sensitivity of
0.94 and specificity of 0.93). The PARCA-R language compo-
nent identified the cases of language delay with an AUC of 0.91
(95% CI 0.86 to 0.94; a cut-point of ≤17 on the language com-
ponent had a sensitivity of 0.88 and specificity of 0.87).

DISCUSSION
This study of 204 infants from Australia and New Zealand pre-
viously diagnosed with proven or suspected neonatal sepsis esti-
mated moderate correlations within and between the scales of
the PARCA–R and BSID III instruments at 2 years of age. The
correlation between the cognitive and language scales was 0.48
for the PARCA–R and 0.76 for the BSDI III, indicating that,
while cognitive and language skills are clearly distinct aspects of
development, they were not independent among our sample of
infants at risk of delay.

The PARCA-R scales were not perfect surrogates for their
counterpart scales from the BSID III; with correlations reaching
0.48 and 0.81 for the cognitive component and language com-
ponent, respectively, among infants that had the two assessments
performed within ±1 month of the target. Predictions of indi-
vidual children’s BSID III scores for cognition and language
from the PARCA-R were relatively imprecise, as depicted

Table 2 Correlations between PARCA-R and BSID III scales*

PARCA-R BSID III

Non–verbal cognition subscale Linguistic skills scale Cognitive composite Language composite

PARCA-R
Non-verbal cognition scale 1
Linguistic skills scale 0.60 (0.66†) 1

BSID III
Cognitive composite 0.43 (0.48†) 0.51 (0.55†) 1
Language composite 0.48 (0.57†) 0.71 (0.81†) 0.76 (0.73†) 1

*Spearman correlations shown. All were highly statistically significant with p<0.0001.
†Estimates for subgroup of 94 patients who completed both assessments within 1 month of target and each other shown in square brackets.
PARCA-R, the Parent Report of Children’s Abilities–Revised; BSID III, Bayley Scales of Infant Development III

Figure 1 Legend: The solid black lines are the fitted regression lines.
The dashed back lines are the 95% CIs for the regression lines. The
solid grey lines are the 95% prediction limits for individual children.
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graphically by the scatter about the fitted regression lines in
figure 1; however, an expectation for complete agreement
between developmental assessments, even between two adminis-
trations of the BSID III, is unrealistic owing to the constraints
imposed by the random measurement error inherent in the
assessment of latent constructs such as cognitive function.
Nevertheless, a convincing association between the scales of the
PARCA-R and BSID III was found, and this was modelled with
considerable precision for the vast majority of cases as demon-
strated by the narrow 95% CIs for the regression lines (figure
1). The precision of fit was lower for the few infants at the
upper and lower extremes of ability, with possible floor effects
observed with the PARCA-R language scale for seven infants
scoring below the first percentile on the BSID III language scale
(ie, score ≤60), and an underestimate of cognitive function by
the PARCA-R for three infants scoring at or above the 99th per-
centile on the BSID cognitive scale (ie, score ≥124). These
potential limitations, if confirmed, would have negligible impli-
cations for the value of the PARCA-R as a practical tool for
highlighting instances of appreciable developmental delay in
neonatal clinical trials. Further work to fully evaluate PARCA-R
scores as continuous variable substitutes for BSID III measures
of development would be of value.

The PARCA-R performed well in predicting cases of moder-
ate or worse language delay and moderate or worse cognitive
delay. The AUC for the prediction of language delay was high
(ie, over 0.9) irrespective of whether cases were defined using
standard BSID III normative criteria (ie, BSID III language com-
posite <70) or the Australian normative data (ie, BSID III lan-
guage composite <78.6). The AUC for the prediction of
cognitive delay was high (ie, 0.83) when the Australian norma-
tive data were used to define cases (ie, BSID III cognitive com-
posite <80.3) and near perfect (ie, 0.96) when cases were
defined relative to standard BSID III normative criteria (ie, BSID
III cognitive composite <70). This latter result needs to be
interpreted with caution, however, as the number of cases iden-
tified using the standard normative criteria was very small
(N=9; 4.4%). This estimate was in fact much lower than that
previously obtained (14.9%) using the preceding version of the
BSID (ie, BSID II) in an earlier cohort of 476 infants from
INIS.1

When an equal importance was applied to maximising sensi-
tivity and specificity, and depending on the normative criteria
applied, the PARCA-R would miss between 6% to 11% of cases
of cognitive delay, and 12% to 25% of cases of language delay.
However, the optimal choice a cut-point will depend upon the
relative value placed upon constructing a test with high sensitiv-
ity versus constructing a test with high specificity (see discussion
in Martin et al1).

The disparity in estimates of prevalence for moderate or
worse cognitive delay between the versions of the BSID may be
a consequence of a miscalibration of the normative scoring for
the BSID III cognitive composite scale. We obtained a more con-
sistent estimate to our previous study (19.6% compared to
14.9%) when the Australian normative data were applied to the
BSID III data. This result suggests that the standard BSID III ref-
erence norms may tend to underestimate cognitive disability and
is consistent with other recent studies that compared the BSID
III against the previous BSID II and found a tendency for the
BSID III cognitive component to produce systematically greater
scores than the BSID II Mental Development Index.9–13

In conclusion, the results of this study provide additional
support for the PARCA-R as a practical tool for the identifica-
tion of appreciable cognitive and language delay at 24 months
among critically ill, premature and extremely low birthweight
neonates. They also suggest that the BSID III reference norms
may tend to underestimate cognitive delay.
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