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ABSTRACT

Despite the Bayley Scales of Infant Development second edition (BSID-II) are wide used both clinically and in
research settings, only a few published studies have been examined their stability over time.

AIM OF STUDY. The aim of this study was to examine the stability of mental and motor BSID-II scores over
the first three years of life.

MATERIAL AND METHODS. All children included in this study were a sample followed up in a study on the
susceptibility of the fetus and child to environmental factors. The cohort recruited prenatally in Krakow Poland,
included 408 children. The mental and motor scales of BSID-II were administered to infants at the end of 12", 24
and 36™ month of life. Stability of the test scores from first to second and third assessment was evaluated using
the Pearson’s correlation coefticient calculated for the entire group of infants, and for the each gender separately.
RESULTS. The older infants obtained the better outcomes in BSID-II. The correlation between the first and second
assessments for the Psychomotor Developmental Index (PDI) was r = 0.30, for the Mental Developmental Index
(MDI) was r = 0.33, and between the second and third assessments the correlation for the PDI was r = 0.40, for
the MDI was r = 0.59. That results suggest a low or moderate degree of relationship between the tests outcomes.
Only 8,8% to 34,8% of variance in the infants later BSID-II scores could be explained by their earlier scores.
The correlation between the tests scores was higher between outcomes obtained by girls than boys.
CONCLUSION. The BSID-II should not be treated as a useful measure for predictive purposes of infants de-
velopment.
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ABBREVIATIONS: BSID-II - Bayley Scales of Infant
Development 2" ed.

MDI - Mental Developmental Index, PDI - Psychomotor
Developmental Index

INTRODUCTION

Bayley Scales of Infant Development second edition
(BSID-II) have been considered the criterion standard
for the developmental assessment of infants and subse-
quent diagnosis of cognitive or motor delays. BSID-II
have been used as a gold standard to evaluate the other
tools of assessment of infants development (1). Bayley
evaluating BSID-II has established test-retest stability
in the standardization sample: 1, 12, 24, and 36 months.
The interval between the two tests ranged from 1 to 16
days. The stability coefficients for both tests were high

and confirmed the high reliability of BSID-II (2). De-
spite its wide use both clinically and in research settings,
only a few studies were published that have examined
the stability of BSID-II outcomes over time. These
studies which have been mostly related to high risk
infants with multiple medical conditions have revealed
low or moderate stability of BSID-II scores over time.
The evaluation a test-retest stability of BSID-II using
longer intervals measured the predictive value of the
early tests for the future outcomes (3). Ideally, studies
that examine stability of test scores typically should use
heterogeneous groups. There is important to establish
utility of the single BSID-II outcomes obtained in cer-
tain time of infant life for the development outcomes in
future, both in the high risk and the low risk infants (4).

The aim of this study was to examine the stability
of BSID-II scores during the first three years of life in
infants from general population, included mostly the
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low risk infants, and to establish clinical utility of the Table L.

single BSID-II outcomes for prediction of children
development in future.

MATERIAL AND METHODS

All children included in this study were a sample
followed up in a collaborative study with Columbia
University in New York on the susceptibility of the fetus
and child to environmental factors. The cohort recruited
prenatally in Krakow Poland, included the children of
nonsmoking women aged 18 to 35 years, with singleton
pregnancies, who had lived in Krakow for at least one
year prior pregnancy. Mothers were free from chronic
diseases, HIV infection and illicit drug use. The study
population included 408 children. Despite BSID-II com-
prises three scales, only the Mental and Motor Scales
were administered in the present study in 12, 24" and
36™ month of life (within 4 weeks of the target age).
The Psychomotor Scale assesses control of gross and
fine muscle groups (rolling, crawling, creeping, sitting,
standing, walking, running, and jumping). The Mental
Scale includes items that assess memory, habituation,
problem solving, early number concepts, generaliza-
tion, classification, vocalization, language, and social
skills. Test scores are adjusted for the age of the child
to obtain the Psychomotor Development Index (PDI)
and the Mental Development Index (MDI). Test results
are in one of four categories: 1) accelerated performance
(score > 115), 2) within normal limits (score, 85 to 114),
3) mildly delayed performance (score, 70 to 84), and 4)
significantly delayed (score < 69) (2).

The changing over time the MDI and the PDI scores
from first to second and third assessment was evaluated
using the Pearson’s correlation coefficient calculated
for the entire group of infants, and for the each gender
separately.

RESULTS

The sample of 408 study participants included most-
ly the low risk infants with characteristic typical for
children recruited from general population (tab. I). Girls
had a significantly higher the MDI scores than boys in
all age groups. The PDI scores at the age of 24" and
36" months was also higher in girls. The older infants
obtained the better outcomes in BSID-II (tab. II). On
the other side with increasing age there were the higher
number of infants who were no able to perform the test
in a reason of a weak cooperation (tab. III). The ob-
tained outcomes divided infants into three groups. The
most of infants were included within normal limit group,
less to accelerated performance, and a few percent to

No 3
Characteristic of the study group
Characteristic Number %
Boys 206 505
Gender Girls 202 495
Parity 1 264 64.7
2+ 144 353
<37 weeks 16 3.9
Weeks of 37-42 weeks 391 9538
pregnancy
> 42 weeks 1 0.2
. . <2500 11 2.7
Birth weight 2500 397 973
18-24 79 194
Mothers age 25-29 203 4938
30-34 126 309
primary or vocational school 39 9.6
Mothers technical college 47 115
education high school or college 106 26.0
university 216 52.9

Table II. BSID-II outcomes in 12%, 24™ and 36™ month of

life
Index Total Boys Girls
Mean SD Mean SD Mean SD p

MDII2 1014 10.02 1003 1042 1025 948 0.042

PDII2 973 1141 972 1061 975 12.19 0.890

MDI24 1022 12.68 99.0 11.61 1054 12.93 <0.001

PDI24 995 959 978 9.14 1013 9.75 <0.001

MDI36 103.6 1021 101.6 10.01 1057 10.02 <0.001

PDI36 1044 1052 101.9 1032 107.0 10.11 <0.001

Table III. Category distribution of BSID-II outcomes
The developmental Boys Girls Total

category N % N % N %

o ;ng:;‘;‘ie 18 87% 23 11.4% 41 10.0%

% fivrfilt‘:m"“nal 172 83.5% 168 83.2% 340 83.3%
mildly delayed 16 78% 11 54% 27 6.7%

. ;Z‘;“lfii;a;‘le 10 49% 14 69% 24 5.9%

a fﬁif“omal 183 88.8% 164 81.2% 347 85.0%
mildly delayed 13 63% 24 119% 37 9.1%

. ;‘;:gﬁi‘ie 23 112% 64 31.7% 87 21.3%

o

% ;’i’rfi‘tfno“nal 163 79.1% 125 61.9% 288 70.6%
mildly delayed 20 97% 13 64% 33 8.1%

. ;‘;g:na;‘le 7 34% 18 89% 25 6.1%

N .

2 fivgli‘tl;n"mal 186 90.3% 175 86.6% 361 88.5%
mildly delayed 13 63% 9 45% 22 54%
accelerated 20 97% 40 198% 60 14.7%

o performance

§ flvl‘:l]l‘t‘s” normal 174 84.5% 158 78.2% 332 81.4%
mildly delayed 12 58% 4 20% 16 3.9%
accelerated 23 112% 44 218% 67 16.4%

© performance

2 ;’ivﬁiltlsnnonnal 176 85.4% 155 76.7% 331 81.1%
mildly delayed 7 34% 3 15% 10 2.4%




No 3

Mental and motor Bayley scales of infant development

485

mildly delayed (tab. III). The correlation between the
first and second assessments for the PDI was r = 0.30,
for the MDI was r = 0.33, and between the second and
third assessments the correlation for the PDI was r =
0.40, for the MDI was r = 0.59. The MDI scores had the
stronger correlation over time than the PDI score. The
stability of the tests scores over time was higher for the
outcomes obtained by older infants. That results sug-
gest a low or moderate degree of relationship between
the tests outcomes. Only 8,8% to 34,8% of variance in
the infants later BSID-II scores could be explained by
their earlier scores (tab. IV). The correlation between
the tests scores was higher between outcomes obtained
by girls than boys (tab. V).

Table I'V. Correlation coefficients between BSID-II outcomes

Index outcomes MDI12 MDI24 MDI36
MDI12 1 0.329° 0.241"
MDI24 1 0.590"
MDI36 1

PDI12 PDI24 PDI36
PDI12 1 0.298" 0.161"
PDI24 1 0.396"
PDI36 1

*Correlation coefficients significant bilaterally p<0.001

Table V. Correlation coefficients between BSID-II outcomes
in boys and girls

Index Boys Girls
outcomes \p[12 MDI24 MDI36 MDI12 MDI24 MDI36
MDII12 1 0.196" 0.132 1 0434" 0.329"
MDI24 1 0583" 1 0.557"
PDI12 PDI24 PDI36 PDII2 PDI24 PDI36
PDI12 1 0.248™  0.136 1 0.344™ 0.188"
PDI24 1 0.320™ 1 0417"

**Correlation coefficients significant bilaterally p<0.001
*Correlation coefficients significant bilaterally p<0.01

DISCUSSION

The evaluation of children’s developmental prog-
ress is an important part of routine pediatric care. The
methods recommended as a reference tool in assessing
infants development are the BSID-II and BSID-III (5).
Despite the high reliability and validity of BSID-II that
have been established in the U.S. there is still important
to evaluate a stability of the tests outcomes over time
in different groups of infants. The low risk infants and
the high risk infants with multiple medical conditions
characterize different pattern of development. The dif-
ferential pattern of results over time for BSID-II when
used with medically fragile infants could be interpreted
as evidence for questioning the validity of tests, but it

is more likely a result of group differences. Despite
matching samples on primary diagnosis, age of the
first assessment, age at the second assessment, gender,
and geographic region in which the tests were admin-
istered, groups may have differed on other factors, like
psychosocial and environmental factors which may be
associated with differential developmental outcomes
(6). The same factors influence children development
in general population from which we derived infants for
our study. Our study has confirmed the low or moder-
ate stability of the BSID-II outcomes. The obtained
correlation coefficients between the PDI and the MDI
scores over time can be compared only to the results
of a few previous studies which had the similar study
design. There is necessary to perform the BSID-II tests
in infants at the same age with the same time interval
between re-assessments to have a possibility to com-
pare the results. The most of previous studies started to
perform the initial tests in younger infants than in our
study but finished the assessment earlier, nearly at the
end of the second year of life. The correlation between
the first and second assessments for the PDI (r=0.30),
and for the MDI (r = 0.33) in our group of infants was
somewhat weaker than in other studies, which assessed
more homogenous groups compared to our infants (3,7)
In the other studies participants were divided into
groups of low risk and high risk infants and among the
second group infants were matched to samples with
primary diagnosis. In homogenous samples of infants
the pattern of development was more stable than in het-
erogeneous group (8). We had many information about
infants giving the possibility of division our group into
the low risk and the high risk sample but there were too
small number of infants who could be included to the
high risk sample, than we assessed the stability of the
BSID-II for entire group without any exclusions. The
heterogeneity of our group of infants is probably the
reason of the lower stability of the BSID-II compared
to the results of the other studies (7,8,9). Clearly, the
length of the interim period was closely related to the
strength of the correlation: the longer the interval, the
lower the correlation. Furthermore, independently of
the length of the interim period, the correlation coef-
ficients were higher for older infants and for the MDI
comparing to the PDI scores. There is no information in
previous studies about stability of the BSID-II in gender
groups. Our study revealed the higher stability of the
BSID-II in girls. It confirmed the differential pattern
of development between genders (5). The advantage
of performing this study in older group of infants is
possibility to evaluate the BSID-II stability in period
which was missed in most previous study design (3,7).
The greater stability of the BSID-II in older infants, the
more difficulties in performing the tests for a reason of
infants weak cooperation. The problems with coopera-
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tion concerned mostly infants with lower BSID-II scores
but happened to infants who performed the earlier tests
very well, too. That problem did not occur in the young-
est infants. The weak cooperation in a few percent of
three years old infants decreases the clinical utility of
the BSID-II in that group of age.

The advantage of our study comparing to the previ-
ous studies is a large group of infants derived not from
specific population but from general population who
were assessed in relatively older age. The most impor-
tant advantage in comparison with previous studies is
the using the same time interval between reassessments
what allowed to establish a precise difference between
stability of BSID-II in different age. In our study we
evaluated the stability of BSID-II for boys and girls
separately and we revealed a significant difference of
the BSID-II stability depended on gender. Furthermore
we have many information on additional maternal and
environmental risk factors which may affect the BSID-
I scores. For example in our study we established the
parents educational level as a most significant factor
that influenced the infants development.

Despite some limitations, our study confirmed the
previous results that for infants who had completed the
BSID-II the correlations between scores in first and
second or third year of life indicated a moderate level
of systematic change in children development. The
developmental delays identified in the end of the first
year with BSID-II may indicate a moderate probability
of continuing delays, the same relationship concerns
infants within normal limits who may change their clas-
sification group of the developmental level. Infants from
general population characterize a trend of acceleration
the development in the second and the third year of life.

While the BSID-II as a measure of infant develop-
ment may be a valid and useful indicator of current
functioning, scores for some infants may not be stable
from first to second and third year of life. The instability
in scores are due to the nature of infants development
rather than deficiencies in the test (10). These findings
have clinical implications and are directly relevant to
assessment policies and practices in infant development
programs. They confirm cautious interpretation of as-
sessments conducted in the early infancy. The results
from BSID-II assessments of infants in the first year
of life should not be used for predictive purposes, and
must be interpreted differently for individual infants,
considering specific medical conditions and the other
factors which can influence infants development (5).

CONCLUSION

The BSID-II should not be treated as a useful mea-
sure for predictive purposes of infants development.
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