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ABSTRACT

Purpose: We aimed to analyze the correlations between the Bayley Scales of Infant
Development (BSID)-III and Korean Developmental Screening Test (K-DST) in
very-low-birth-weight (VLBW; birth weight <1,500 g) preterm infants.

Methods: We enrolled 53 VLBW infants (mean gestational age, 28.9+2.11 weeks;
mean birth weight, 1,158.5+241.1 g) and assessed them using the BSID-III and
K-DST at a corrected age of 18 to 24 months. We analyzed the correlations between
the BSID-IIT and K-DST subdomains and evaluated whether the estimated develop-
mental levels were consistent with the corrected ages.

Results: In the BSID-III, the composite scores for cognition, motor, and language
were 105.9+13.1 (median, 105; 66th percentile; 95% confidence interval [CI], 98 to
113), 100.9+12.4 (100; 50th percentile; 95% CI, 92 to 108), and 94.9+16.8 (97.5; 34th
percentile; 95% CI, 87 to 102), respectively. The scaled scores for receptive/expressive
language and gross/fine motor were 9.9+2.9 (10.5)/8.2+2.7 (8) and 9.6+2.4 (9)/10.6
+2.3 (10), respectively. In the K-DST, the mean scores of cognition (17.8+4.7 [18.5]),
language (16.6+7.2 [20]), fine motor (19.4+3.4 [20]), gross motor (19.9+3.8 [21]), so-
ciality (18.6+4.7 [20]), and self-control (17.3+5.1 [18]) were within the range of normal
developmental status. Among the overlapping subdomains, cognition (r=0.58, P=
0.003) and language (r=0.86, P<0.001), but not fine and gross motor status (r=0.05, P=
0.79; r=0.16, P=0.44, respectively), showed significant correlation between the BSID-
[l and K-DST.

Conclusion: The language and cognition domains of the K-DST were significantly
correlated with the BSID-III in preterm VLBW infants. Clinicians should consider
these discrepancies and correlations when evaluating the developmental status of
preterm VLBW infants.
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INTRODUCTION

The importance of neurodevelopmental screening tests for
preterm infants is demonstrated by the improvement in the
survival rates of very-low-birth-weight (VLBW) infants (birth
weight <1,500 g). The Bayley Scales of Infant Development
(BSID) is the most widely used tool for assessing developmental
progress”. The primary scales of the BSID-I and BSID-II are
the Mental Developmental Index (MDI) and the Psychomotor
Developmental Index (PDI), which evaluate early cognitive/
language development and early motor development, respec-
tively. Both the MDI and PDI have limitations. For example, alow
MDI score could reflect a delay in language or cognitive develop-
ment, or both. The third edition of the Bayley scales, which was
published in 2006 for infants and children aged 1 to 42 months,
attempted to overcome these limitations by subdividing the
composite scores (CS) of the cognitive, language, and motor do-
mains*?. Thus, scaled scores (SS) can assess receptive/expres-
sive communication and fine/gross motor development.

The Korean Developmental Screening Test (K-DST) for Infants
& Children is an evaluation tool that is based on a questionnaire
completed by primary caretakers. It was developed in 2014 to
assess Korean infants’ developmental abilities in the domains of
gross motor, fine motor, cognition, language, sociality, and self-
control?. Although the standard test of premature neurodevelop-
ment in VLBW infants is the BSID-III at a corrected age of 18
to 24 months, its clinical application is difficult given its time
consumption, cost, and infants’ general condition during the test.
Therefore, the K-DST is generally used as a neurodevelopmental
screening test for VLBW infants at the corrected age of 18 to 24
months. However, implementing the K-DST alone may overlook
developmental delays in preterm infants.

Herewe assessed whether the K-DST could be used as areliable
screening test for cases where clinicians cannot assess VLBW
infants using the BSID-III. Therefore, we analyzed the K-DST as
a screening test for the timely diagnosis of neurodevelopmental
delay in VLBW infants compared to the BSID-III. To our knowle-
dge, this is the first study to assess the correlations between the
BSID-IIT and K-DST.
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MATERIALS AND METHODS

1. Study population

From January 2014 to March 2018, we enrolled 53 VLBW infants
(under 1,500 g) born at CHA Gangnam Medical Center and
admitted to the neonatal intensive care unit. All the participants
were assessed using the BSID-III performed by examiners and
K-DST based on primary caretaker’s questionnaire at the cor-
rected age of 18 to 24 months.

2. Analysis

We obtained the gestational age, hospital day, and anthro-
pometry (body weight, height, and head circumference) at birth
and at the time of developmental screening for all participants
(n=53) from medical records (Table 1).

The mean BSID-III and K-DST scores were measured for all
participants. The SS of the BSID-III were subdivided into five
domains: cognitive, receptive language, expressive language,
fine motor,and gross motor developmental status. The SS were
derived from the total raw subtest scores and ranged from 1 to 19
with amean of 10 and a standard deviation (SD) of 3. The CS of the
BSID-III consisted of three main domains: cognition, language,
and motor developmental status. CS were derived from various
totals of subtest SS and were a metric with a mean of 100 and an
SD of 155). The percentile rank of the BSID-III indicated where
a child ranked relative to children in the standardization sample.
Percentile ranks range from 1 to 99 with a mean and median of
505).

The mean value of each CS was analyzed to determine the

estimated developmental age. The SS of receptive and expressive

Table 1. Clinical Characteristics of Very-Low-Birth-Weight
Infants at Birth and ata Corrected Age of 18 to 24 Months

Mean+SD (median)
28.9+2.11 (29)

Characteristic

Gestational age (wk)

Birth weight (g) 1,158.5+241.1 (1,210)
Birth height (cm) 37.2+2.8 (37)
Birth head circumference (cm) 26.6+1.9 (27.4)
Hospital days in NICU (d) 65.6+20.2 (65)

Body weight (kg)*
Height (cm)*

Head circumference (cm)*

11.2+1.4 (11.4)
84.1+3.4 (84)
47.6+1.9 (48)

*At the time of the developmental screening test.
Abbreviations: SD, standard deviation; NICU, neonatal intensive care
unit.
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language, as well as those for fine and gross motor status, were
compared.

Developmental delay according to the BSID-III was defined
as a CS of <85 (<1 SD)*?. The definition of developmental delay
in the K-DST was a score <-1 SD of the peer-level®. The K-DST
scores were categorized into the following grades: further evalu-
ation (<-2 SD), follow-up evaluation (-2 SD< score <—1 SD), peer-
level (-1 SD< score <1 SD), and high level (=1 SD). Therefore, we
analyzed the BSID-III and K-DST by each grade.

The domains of cognition, language, fine motor, and gross
motor overlapped in both the BSID-III and K-DST. These doma-
ins were analyzed to determine the correlation between the two

tests.

3. Statistical analysis

The results are presented as mean+SD (median) for variable
distribution. Student’s ¢-test was used to determine any signifi-
cant differences between receptive and expressive language
and fine and gross motor status. The chi-square test was used for
between-scale analysis. Spearman’s rank correlation coefficient
was used to evaluate the relationship between the BSID-III and
K-DST. All statistical analyses were performed using STATA
version 13 (Stata Corp., College Station, TX, USA) and P<0.05 was
considered to indicate statistical significance.

Table 2. Mean Scores for the BSID-III and K-DST

Variable Mean*SD (median)

BSID-IIT
Cognition (CS) 105.9+13.1 (105)
Language (CS) 94.9+16.8 (97.5)
Receptive (SS) 9.9+2.9 (10.5)
Expressive (SS) 8.2+2.7 (8)
Motor (CS) 100.9+12.4 (100)
Fine (SS) 10.622.3 (10)
Gross (SS) 9.6+2.4 (9)

K-DST
Cognition 17.8+4.7 (18.5)
Language 16.6+7.2 (20)
Fine motor 19.4+3.4 (20)
Gross motor 19.9+3.8 (21)
Sociality 18.6+4.7 (20)

Self-control 17.3+5.1 (18)

Abbreviations: BSID, Bayley Scales of Infant Development; K-DST,
Korean Developmental Screening Test; SD, standard deviation; CS,
composite score; SS, scaled score.
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RESULTS

We enrolled 53 infants with a mean gestational age of 28.9+2.1
weeks (29) and average birth weight of 1,158.5+241.1 g (1,210).
At the time of their developmental screening, the corrected age
(range 18 to 24 months) and mean body weight (11.2+1.4 kg
[11.4]) were within the normal percentile (Table 1).

Table 2 shows the results of the BSID-III and K-DST. In the
BSID-III, the CS of cognition was 105.9+13.1 (105) while that of
language, which was derived by combining the SS, was 94.9+16.8
(97.5). Receptive language (9.9+2.9 [10.5]) had a significantly
higher mean SS than expressive language (8.2+2.7 [8]; P=0.001).
Regarding motor development, the SS for gross motor (9.6+2.4
[9]) was significantly lower than the fine motor SS (10.6+2.3 [10];
P=0.013). The CS for motor status, which was the sum of SS, was
100.9+12.4 (100). In the K-DST, the mean scores of cognition
(17.8+4.7 [18.5]), language (16.6+7.2 [20]), fine motor (19.4+3.4
[20]), gross motor (19.9+3.8 [21]), sociality (18.6+4.7 [20]), and
self-control (17.3+5.1 [18]) were within the limits of normal de-
velopmental status. There were five infants in rehabilitation; al-
though their gross motor assessment by the K-DST was “follow-
up evaluation (<-1 SD),” their motor status according to the
BSID-III was not delayed.

Tables 3-5 show the correlation test results between neuro-
development delay according to the BSID-III and delay accord-
ing to the K-DST for each grade in VLBW infants. There was no
significant correlation between the cognition domains of the
BSID-III and K-DST (P=0.540) (Table 3). However, there was a
significant correlation between the language domains of the
BSID-III and K-DST (P=0.001) (Table 4). In the K-DST, two further
evaluations were confirmed as delays, while in the BSID-III, 11
out of 17 follow-up evaluations were confirmed as delays. How-

ever, four out of 16 peer levels were delayed in the BSID-III. As

Table 3. Cross-Tabulation Analysis of Cognition between the
Bayley Scales of Infant Development-III and K-DST in Very-
Low-Birth-Weight Infants

K.DST Developmental Cognition, n (%) [
level <85(-1SD) 285
Cognition Further evaluation 0(0) 2(3.9) 0.540
Follow-up evaluation 1(100)  16(30.8)
Peer level 0(0) 15(28.9)
High level 0(0) 19(36.4)

Abbreviations: K-DST, Korean Developmental Screening Test; SD,
standard deviation.
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for motor status, there was a significant correlation between the
motor status of the BSID-III and the fine motor domain of the
K-DST (P=0.006) (Table 5).

The domains of cognition, language, and fine/gross motor
overlapped in the BSID-III and K-DST. The rho score (r) for cog-
nition was 0.58 (P=0.003) and the r-value of language was 0.87
(P<0.001), which indicated a significant correlation between the
BSID-III and K-DST (Table 6). However, there was no significant

between-scale correlation in fine and gross motor status.

Table 4. Cross-Tabulation Analysis of Language between the
Bayley Scales of Infant Development-1II and K-DST in Very-
Low-Birth-Weight Infants

K.DST Developmental Language, n (%) Pvalue
level <85(-1SD) 285
Language Further evaluation 2(11.8) 2(5.6) 0.001
Follow-up evaluation 11 (64.7) 6(16.7)
Peer level 4(23.5) 12(33.3)
High level 0(0) 16 (44.4)

Abbreviations: K-DST, Korean Developmental Screening Test; SD,
standard deviation.

Table 5. Cross-Tabulation Analysis of Motor between the Bayley
Scales of Infant Development-III and K-DST in Very-Low-
Birth-Weight Infants

K.DST Developmental Language, n (%) Povalue
level <85(-1SD) 285

Gross motor Further evaluation 0(0) 0(0) 0.258
Follow-up evaluation 2(100) 10(19.6)
Peer level 0(0) 21(41.2)
High level 0(0) 20(39.2)

Fine motor  Further evaluation 0(0) 0(0) 0.006
Follow-up evaluation 2(100) 7(13.7)
Peer level 0(0) 21 (41.2)
High level 0(0) 23 (45.1)

Abbreviations: K-DST, Korean Developmental Screening Test; SD,
standard deviation.

Table 6. Analysis of Mutual Relationships between the Bayley
Scales of Infant Development-1IT and the Korean Developmental
Screening Test

Domains r P-value
Cognition 0.58 0.003
Language 0.87 <0.001
Fine motor 0.05 0.79
Gross motor 0.16 0.44

*Spearman’s rank correlation analysis.
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DISCUSSION

Developmental screening tests are very important for early
detection and diagnosis of developmental delays™'?. Preterm
and low birth weight infants are at a higher risk of neurodevelop-
mental problems. Furthermore, some developmental delays
can be resolved with early interventions and subsequent treat-
ment'?,

The K-DST was developed in September 2014 and standardized
for Korean infants and children'?. It is an appropriate screening
tool with excellent reliability and validity as well as clinical signifi-
cance"'*"”, The BSID-III can evaluate cognition, language, and
motor domains as separate CS, as well as assess developmental
level, by subdividing the sections into “receptive language,” “ex-
pressive language,” and “fine and gross motor” using SS®. There-
fore, it avoids problems associated with the lack of standardized
scores for cognitive vs. language skills and gross vs. fine motor
skills'®. Both the K-DST and Bayley Scales are used to assess long-
term neurodevelopmental outcomes for VLBW infants'”.

Language delay could be an early sign of neurodevelopmental
disorders, including attention deficit hyperactivity disorder, au-
tism spectrum disorder, or specific language impairment'®'?,
Previous studies have shown that VLBW infants perform worse
in overall expressive and receptive language compared with in-
fants in a control group and may be at risk of experiencing early
delays in expressive language skills®*), Adams-Chapman et
al.?? found that among 467 VLBW infants, 55% and 23% had
difficulties in receptive and expressive language development,
respectively. Consistent with previous findings, we found that
the mean of language in preterm VLBW infants (CS 94.9, 37th
percentile rank) was below the average (CS 100, 50th percentile
rank). Moreover, preterm VLBW infants had more difficulties
in expressive language (SS 8.2, 25th percentile rank), which was
significantly lower than the scores for receptive language (SS 9.9,
50th percentile rank). Thus, although the language score was
within the normal range for VLBW infants in developmental
screening, clinicians should consider language therapy in case of
delayed expressive language development.

Regarding motor development, delays are more common in
VLBW infants and significant motor impairment persists through
out childhood®?. However, the VLBW infants in this study
had normal motor developmental status according to both the
BSID-III and K-DST. There were five infants in rehabilitation and
although their gross motor evaluation according to the K-DST



neonatal
medicine

was “follow-up evaluation (<~1 SD),” their motor status according
to the BSID-III was not delayed. Other than rehabilitation, the
normal motor score of the BSID-III could be attributed to the
treatment of infants with severely delayed development at other
higher hospitals with improvement through rehabilitation.

According to the correlation analysis of the individual domains
of the K-DST and BSID-II in VLBW infants by Kim et al., four
domains (fine motor, cognition, language, and sociality) were
significantly associated with BSID-II MDI, but not BSID-II PD],
scores. This is the first study regarding the BSID-III and K-DST.
However, Kim’s results are consistent with ours. As shown in
Table 4, the language score of the BSID-III was significantly
associated with the K-DST. However, 23.5% of the K-DST peer
levels had delays on the BSID-III in language. Regarding VLBW
preterm infants, the peer level of the K-DST can be referred to for
the developmental level; however, a lack of a delay in language
cannot be determined. Therefore, there is a need to evaluate the
language developmental state through regular follow-up.

Withrespect to the correlation between the BSID-IITand K-DST
for language, cognitive, and motor development, the Spearman’s
rho (r) for language development was 0.87 (P<0.001),which indi-
cated a high correlation. The r-value for cognitive development
was 0.58 (P=0.025) (Table 6), also indicating a significant correla-
tion. Contrastingly, there was no correlation in motor develop-
ment. With respect to gross motor dysfunction, previous studies
have reported a moderate, positive correlation of the K-DST with
the BSID-II*®), There have not been any studies comparing motor
development on the K-DST and BSID-III. This study was based
on preterm infants with a significantly different trajectory in their
gross motor development in the first 18 months of life compared
with term infants*”. Thus, it is difficult to generalize the results
regarding motor development relevance between the K-DST
and BSID-III. There is a need for future studies regarding motor
development relevance on various criteria.

Our findings are inconsistent with those by Kim et al.>, who
analyzed the relationship between the K-DST and BSID-IL In
the study by Kim et al.?”, the r-values for cognition, language,
and sociality were 0.498 (P<0.0001), 0.526 (P<0.0001), and 0.384
(P<0.0001), respectively. However, they reported between-scale
correlations in cognition and language, which were consistent
with our findings. Further, Kwun et al.*® assessed the relationship
between standard and screening tests; specifically, the correla-
tion of the BSID-II and the Ages and Stages Questionnaire

(ASQ) in Korean for preterm infants at a corrected age of 18 to
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24 months. Compared with our study, the study by Kwun et al.*®)
used different participants (<37 weeks) and type of questionnaire
(ASQ). However, communication and the MDI showed a mode-
rate correlation (r=0.385, P<0.001) in Kwen'’s study. Compared
with the two aforementioned studies, our study had the highest
r-value. Specifically, the r-value of 0.87 for language development
suggests a high concurrence between the BSID-III and K-DST.
However, the lower-than-expected r-value of cognition develop-
ment could be attributed to the small number of participants.

Developmental screening tests based on parental question-
naires are known to have strong correlations with the BSID-III
in the areas of language and cognitive development®. Similarly,
we observed significant mutual relationships in the evaluation
of cognition and language development between the K-DST
and BSID-III. Parents or primary caretakers provide reliable in-
formation regarding the range of a child’s abilities™. However, the
correlation of parental versus inspector reports on the evaluation
for motor development remains unclear and further studies are
needed.

There are limitations that should be acknowledged. The small
number of included participants (n=53) limits the accuracy of the
analysis. Three separate examiners performed assessments using
the BSID-III, which impedes standardization and could have led
to inter-observer discrepancies. Further, we compared the scores
among VLBW infants. To examine the developmental status of
VLBW infants, further analysis comparing them with full-term
infants of adequate birth weight is necessary.

In summary, among infants with a birth weight <1,500 g, the
delay of expressive language was more significant than that of
receptive language. Regarding language and cognitive develop-
ment in VLBW infants, the K-DST was strongly correlated with
the BSID-IIL. However, there was no between-scale association in
motor development.

In conclusion, when clinicians cannot assess VLBW infants
using the BSID-IIJ, they could assess neurodevelopment of the
cognitive and language domains using the K-DST. If the cognition
and language grades are follow-up or further evaluation accord-
ing to the K-DST, VLBW infants should be examined using the
standard BSID test. Clinicians should consider the discrepancies
and concurrence of the two developmental tests when evaluating
the developmental status of preterm VLBW infants.
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