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Background: The Bayley Scales of Infant and Toddler Development is widely used worldwide. The objective of the
current study was to measure the stability of the Bayley Scales during early childhood and its relationship with
intellectual abilities at four years in young Nepalese children.

Methods: In a prospective cohort we used the Bayley 3rd edition to measure early child development in 529
Nepalese children at 6-11, 18-23 and 30-35 months. At four years, we used the Wechsler Preschool and Primary
Scale of Intelligence (WPPSI) to measure intellectual abilities. We expressed the stability of the Bayley scores by
intraclass correlation coefficients (ICCs) and concordance correlation coefficients (CCCs). The relationship be-
tween the Bayley scores and the WPPSI full-scale IQ (FSIQ) at four years was examined in regression models.
Results: The ICCs between the Bayley scores across timepoints were 0.01 (95 % CI -0.06, 0.04), 0.19 (95 % CI
0.15, 0.26) and 0.22 (95 % CI 0.17, 0.28) for the Cognitive, Language and Motor composite scores. The CCC for
the composite scores ranged from 0.05 to 0.20 between 6 and 11 and 30-35 months and from 0.20 to 0.36
between 18 and 23 and 30-35 months. The Bayley scores at 6-11, 18-23 and 30-35 months explained 3 %, 20 %
and 36 % of the variation of the FSIQ.

Conclusion: The stability of the Bayley scales is poor in early childhood, and its relationship with future intel-
lectual abilities is poor in infancy but improves slightly with age in early childhood. Findings from this large
community-based cohort of healthy at-risk children are relevant when measuring early child development
worldwide.

1. Introduction

The Bayley Scales of Infant and Toddler Development (Bayley scales)
is widely used as an assessment tool of early child development (ECD)
worldwide. Although widely used and accepted, the Bayley scales have
been criticized for its poor reliability and poor ability to predict future
intellectual abilities [1,2].

Only a few studies have measured the stability of the Bayley scales
throughout early childhood, showing poor and variable correlations
between Bayley scores over time in full term [3,4] and preterm children

[5]. Common for these studies was a low sample size (N < 100) and that
all were done in high-income settings. An Indonesian study assessed the
stability of the Bayley scales first version through repeated measure-
ments in two cohorts showing only modest stability of the scales up to
18 months, with an increased stability after the second year of life [6].
More recent studies on the third version of the Bayley scales from low-to-
middle income countries (LMICs) assess its usefulness and feasibility in a
cross-cultural perspective [7-12]. None of these evaluate the stability of
the Bayley scores through repeated measurements. The scarcity of
studies from both high- and low-income countries, underline that the
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stability of the Bayley scales in early childhood needs further exami-
nation in studies with larger sample sizes.

A meta-analysis from 2013 on the predictive ability of the Bayley
scales second edition in children born preterm demonstrated that the
mental and motor development index explained 37 and 12 % of the
variance in future cognitive function [13]. More recent studies in chil-
dren born preterm not included in this meta-analysis, reported strong
associations between the Bayley 3rd version at approximately 2 years
and scores on the Wechsler Preschool and Primary Scale of Intelligence
(WPPSI) when the children were three and four years old [14,15].
Studies on the predictive ability of the Bayley scales from the general
population, however, are scarce. A recent study in healthy Swedish
children born to term, showed that there were only poor to moderate
correlations between the Bayley scores measured at 2.5 years and WPPSI
scores at 6.5 years [16]. From LMIC we have identified two studies
addressing the predictive ability of the Bayley scales. In the previously
mentioned Indonesian study, the Bayley scores showed no predictive
power up to 18 months, increasing after 24 months of age [6], and a
study from Bangladesh reported only modest correlations between the
Bayley 2nd edition at 18 months and WPPSI scores at 61 months [17].

The first years of life from gestation and onwards is a period of rapid
brain growth and development with fluctuating growth spurts [18].
Although genetically driven, brain development depends on biological
and psychosocial influences. This rapid and fluctuating development as
well as the increased susceptibility to external influences, leads to
variability both within and between individuals in their developmental
status. Consequently, the reliability and predictive ability of ECD mea-
sures may vary substantially according to age. Children from resource-
poor populations in LMICs are subject to a range of risk factors. These
risks may lead to increased fluctuations in their development, and thus
also a risk for increased instability in the ECD measures. There are
however a lack of studies addressing the stability and predictive ability
of the Bayley scales specifically in a LMIC setting, and longitudinal
studies examining this have been encouraged [19].

In Bhaktapur Nepal, we have followed a group of children originally
included in a clinical trial, from 6 to 11 months old up to their 3rd
birthday with Bayley 3rd version (Bayley-III) assessments at three time
points and WPPSI-IV measured at approximately four years [20]. We
have previously discussed the feasibility of the Bayley-III for the Nep-
alese setting demonstrating excellent measures of quality assurance [8].
These high-quality measures at multiple timepoints, provide a perfect
opportunity to examine the stability and the predictive ability of the
Bayley-III. Thus, the aim of the current study was to measure the sta-
bility of the Bayley-III subscale scores during early childhood, and to
examine the relationship between these scores and the WPPSI-IV full-
scale IQ measured at approximately four years in young Nepalese
children.

2. Subjects and methods
2.1. Study setting and participants

We used data in 529 Nepalese children originally included to a
community-based double-blind placebo-controlled trial measuring the
effect of daily vitamin B12 supplementation for a year on neuro-
development, growth, and anemia [20]. The trial was conducted from
April 2015 until February 2018 and showed no effect of B12 supple-
mentation on the main outcomes [21]. The study setting was Bhaktapur
municipality close to the capital city Kathmandu. In the mother trial, we
enrolled 600 mildly stunted (defined as a length-for-age < —1 z-score)
children 6-11 months of age, from families that planned to reside in the
area for the next 12 months, and with available informed consent from
the caregivers. Children were excluded if they took supplements that
contained vitamin B;y, had a severe systemic illness requiring hospi-
talization, if they were severely malnourished, severely anemic, or had
ongoing infections that required medical treatment. After the
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completion of the clinical trial, children were followed with neuro-
developmental assessments every 12 months up to four years of age.
From enrollment (6-11 months) to the end of the supplementation study
(18-24 months), 26 children were lost to follow up (16 moved and 10
refused). From the end of supplementation to the 12 month follow up
(30-35 months) 19 children were lost to follow up (12 moved and 7
refused), and from the 12 months follow up to 24 months follow up
(42-47 months) 41 children were lost to follow up (27 moved and 14
refused) (Fig. 1). For the current analyses, we used data from the 529
children with neurodevelopmental measures at all assessment time
points. The study received ethical clearance from the Nepal Health
Research Council (NHRC, #233/2014, #73/2017) and from the
Regional Committee for Medical and Health Research Ethics (REC #
2014/1528) in Norway. We obtained written informed consent from
caregivers after providing thorough information on the study
procedures.

2.2. Procedure

Field workers identified eligible children from immunization clinics
or through home visits and children were enrolled at the study clinic by
a physician or study supervisor. At enrollment, weight and length were
taken, blood sample drawn, and caregivers were asked questions on
child and family demographics. Socioeconomic status was assessed by a
composite WAMI-index (range 0-1) to indicate wealth using variables

Screened for eligibility
N=733

Enrolled to the clinical trial
N=600

Bayley assessment at 6-11 months

N=600
Lost to follow up N=26
> | 16 moved
v 10 refused

Bayley assessment at 18-23 months

N=574
Lost to follow up N=19
»> | 12 moved
v 7 refused

Bayley assessment at 30-35 months
N=555

Lost to follow up N=41
27 moved
14 refused

v

v

WPPSI assessment at 40-42 months
N=533

Data from all time points
N=529

Fig. 1. Flow chart.
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for water and sanitation access, household assets and maternal educa-
tion [22].

2.3. Neurodevelopmental assessments

All neurodevelopmental assessments were done at the study clinic in
well-lit rooms free from distractions by a team of three psychologists. At
the three first time points we used the Bayley-III to assess neuro-
development. The Bayley-III is a comprehensive assessment tool of
neurodevelopment in infants and toddlers aged 1-42 months consisting
of a Cognitive, Language (receptive and expressive), Motor (fine and
gross), and Socio-emotional scale [23]. We converted the Bayley-III raw
scores into subscale scores and composite scores based on the American
norms [23]. For the current analyses, we used the Cognitive, Language
and Motor composite scores (mean (SD) 100 (15)).

When the children were 42-47 months, we used the WPPSI-IV to
assess intellectual abilities [24]. The WPPSI-IV is a widely used test to
measure intellectual abilities in children between 2.6 and 7.3 years. In
the present study, six subtests were included; Information, Receptive
Vocabulary, Block Design, Picture Memory, Object Assembly and Zoo
Locations to generate the Full-Scale IQ (FSIQ), the Verbal comprehen-
sion, Visuospatial, and the Working memory index. Raw scores were
converted to index scores and IQ scores based on American norms [24].
For the current analyses we used the FSIQ (mean (SD) 100 (15)).

The translation and adaptation of the Bayley-III and its acceptability
for a Nepalese context have thoroughly been described and discussed
elsewhere [8]. Translation of the test instructions and some items in the
language subtests were done according to standard procedures, and
small adaptions to the materials (i.e., changing pictures and drawings
such as vacuum cleaners, swimming pools and washing machines to
more cultural appropriate items) were done to improve the acceptability
for the Nepalese setting. Internal consistency of the scales ranged from
poor to good with the poorest alpha values for the language subscales
and better alpha values (>0.80) for the cognitive and gross motor sub-
scales suggesting good internal consistency [8]. The distribution of the
scores were similar to the American sample, except for the Language
scales in which the scores were lower. For the WPPSI-IV we translated
the general instructions for all subscales and also each item of the
Receptive vocabulary and Information subscales according to standard
procedures. We made no adaptions to the WPPSI-IV items and test ma-
terials for this study.

The assessor team were thoroughly trained in test procedures and
performed standardization exercises in 20 children per outcome prior to
the study assessments. In these standardization procedures, the assessors
were required to reach an intra-class correlation coefficient (ICC) >0.90
with the expert rater (senior psychologist) [8]. During the study period,
7 % of the Bayley-III assessments and 10 % of the WPPSI-IV were double
scored in a randomized manner by the expert rater, reaching an agree-
ment of ICCs >0.95 for the Bayley-III assessments [8] and ICC > 0.98 for
the WPPSI-IV.

2.4. Statistical analyses

Data are presented as means (SD) or numbers (%). The relationship
between the Bayley composite scores at the three timepoints and be-
tween the Bayley composite scores and the WPPSI FSIQ was examined in
a correlation matrix by Pearson correlations. We expressed the agree-
ment between the Bayley-III composite scores at three timepoints (6-11,
18-23 and 30-35 months) by intraclass correlation coefficients (ICC),
concordance correlation coefficients (CCC), and Cohen's kappa. The
ICCs were calculated using one-way random effects models (Stata
command “icc”). CCCs (Stata command ‘“concord”) were calculated
between the composite scores at 6-11 and 30-35 months and between
18 and 23 and 30-35 months [25]. The Cohen's kappa (Stata command
“kappa”) was calculated for Bayley composite scores <70 across time
points for each subscale. The agreement between the Bayley composite
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scores at these time points are also presented in Bland-Altman plots
(stata command “loa”) in supplementary files.

We used linear regressions to examine the relationship between the
Bayley composite scores at the three time points and the FSIQ illustrated
in fitted regression lines. From these models, we extracted the R-squared
for each composite score at each time point. We also calculated the R-
squared from a multiple linear regression model including all composite
scores from the same time point. Scores <70 is a widely used cut off for
cognitive delay both for Bayley composite scores and the FSIQ. Using
kappa statistics (Stata command “kap”), we assessed the predictive
ability of the Bayley composite scores <70 at each time point on FSIQ
<70. In receiving operating characteristics (ROC) curve analyses (Stata
command “rocgold”), we assessed the capability of the Bayley-III com-
posite scores at the different time points to distinguish between FSIQ
scores above and below cut off for cognitive delay. For these analyses,
we defined cognitive delay both as FSIQ <70 and <—2 SDs below the
mean score in the current sample (FSIQ scores <67.6). Although
FSIQ<70 is the established cut off for cognitive delay, we also included
—2 SD below the sample mean as a cut off since the WPPSI-IV has not
been formally validated for a Nepalese context and there are no norms
for this setting. The statistical analyses were done in Stata version 16 and
JASP (0.14.0).

3. Results

Demographic characteristics of the 529 children are shown in
Table 1. Children were on average 8.0 months at enrollment, with an
even distribution of boys and girls. Approximately 20 % (104) were born
at low birth weight, 11 % were born preterm, 33 % (174) were stunted
(defined as length-for-age < —2 z- scores), and 20 % (104) were un-
derweight. Half of the families owned land and 45 % of the families
reported to live in rented houses. Table 2 shows the WPPSI FSIQ, and the
three index mean (SD) scores. At 4 years, 25 (4.7 %) had FSIQ scores
below 70, while 13 (2.5 %) of the children had FSIQ scores below 2 SDs
(FSIQ scores <67.6) of the mean score of the current sample.

Agreement between Bayley-III subscale composite scores.

Table 3 shows the Bayley mean (SD) composite scores at the three
timepoints and the ICCs (95%CI) for scores across timepoints and the

Table 1
Demographic characteristics of 529 Nepalese children.
n (%)

Infant characteristics
Age in month at enrollment, mean (SD) 8.0 (1.8)
Male child 271 (51.2)
Birthweight in grams, mean (SD) 2987.3 (1296.4)
Low birth weight (<2500 g) 104 (19.7)
Preterm birth (<37 weeks) 57 (10.8)
Demographic features
Mothers' age, mean + SD 27.7 (4.6)
Mothers who completed secondary school 342 (64.7)
Fathers who completed secondary school 344 (65.0)
Mothers who work 224 (42.3)
Fathers who work 515 (97.4)
Socio-economic status
Wealth score (0-1) 0.62 (0.15)
Family stays in joint family 271 (51.2)
Family resides in rented house 238 (45.0)
Families with <3 rooms in their home 285 (53.9)
Family own land 264 (49.9)
Nutritional status of infants
Underweight (weight for age z-score < —2) 104 (19.7)
Stunted (length for age z-score < —2) 174 (32.9)
Anemic (hemoglobin <11 g/dl) 339 (64.1)

SD - standard deviation.



L Kvestad et al.

Table 2
Mean (SD) and range of the Wechsler Preschool and Primary Scale of Intelli-
gence, 4th edition (WPPSI-1V) full scale IQ and index scores in 529 Nepalese
children.

WPPSI-IV subscales Mean (SD) Range N (%) < N (%) -2
70 SD
Full scale IQ 84.8 (8.6) 40-112  25(4.7) 13 (2.5)
Verbal comprehension 84.1 (7.9) 45-109
index
Visuo-spatial index 85.6 (8.4) 45-118
Working memory index 103.6 45-131
(13.3)

SD - standard deviation, WPPSI-IV - Wechsler Preschool and Primary Scale of
Intelligence, 4th edition.

Table 3

Mean (SD) and Intraclass correlation coefficients (ICCs)' Bayley Scales of Infant
and Toddler Development, 3rd edition (Bayley-III) subscale composite scores
and number (%) children with scores <70 at three time points in 529 Nepalese
children.

6-11 18-24 30-35
months months months
Mean (SD) Mean (SD) Mean (SD) ICC" (95%CI)
Bayley-III subscale
Cognitive 97.9 91.0 (7.7) 85.3(6.9) 0.00 (—0.06,
composite (10.5) 0.04)
Language 85.6 (9.5) 93.2 (12.6) 95.3 (7.3) 0.19 (0.15,
composite 0.26)
Motor composite 95.6 100.2 (8.6) 104.3 (9.9) 0.22 (0.17,
(12.8) 0.28)
N (%) N (%) N (%) Kappa
Cognitive 6(1.1) 3(0.6) 4(0.8) 0.07
composite <70
Language 24 (4.5) 26 (4.9) 5(1) 0.08
composite <70
Motor composite 12 (2.3) 2(0.4) 2(0.4) 0.15

<70

Bayley-III - Bayley Scales of Infant and Toddler Development, 3rd edition; ICC —
intraclass correlation; SD — standard deviation.
# One-way random effects models.

Cohen's kappas for composite scores <70. The Cognitive composite
scores were the least stable with an ICC of 0.01 (95 % CI -0.06, 0.04),
while the Language and Motor composite scores had ICCs of 0.19 (95 %
CI 0.15, 0.26) and 0.22 (95 % CI 0.17, 0.28) respectively. The Cohen's
kappas were 0.07 and 0.08 for the cognitive and language subscale
respectively, and 0.15 for the motor subscale.

The relationship between the Bayley composite scores within and
across time points are shown in Table 4 by Pearson correlation co-
efficients. The correlation coefficients between composite scores within
the same age ranged from 0.28 (95%CI 0.20, 0.36) to 0.51 (95%CI 0.44,
0.57) and coefficients between domain composite scores across age
varied from 0.11 (95%CI 0.02, 0.19) to 0.53 (95%CI 0.46, 0.59).

The CCCs between the domain composite scores at 6 and 11 and
30-35 months were 0.05 (95 % CI 0.01, 0.09), 0.13 (95 % CI 0.08,0.18)
and 0.20 (95 % CI 0.14, 0.26) for the Cognitive, Language and Motor
composites respectively, while the CCCs between 18 and 23 and 30-35
months were 0.20 (95 % CI 0.14, 0.26), 0.45 (95 % CI 0.40, 0.51), and
0.36 (95 % CI 0.29, 0.43) (Table 5). The difference in agreement be-
tween the domain composite scores are shown in Table 5 and in Bland-
Altman plots (Supplementary Fig. 1).

The relationship between the Bayley-III subscale composite scores
and WPPSI-IV FSIQ.

The correlation coefficients between the FSIQ and the Bayley com-
posite scores ranged from 0.10 (95%CI 0.01, 0.18) to 0.52 (95%CI 0.45,
0.58) and are in general weak between the FSIQ and Bayley scores at
6-11 months reaching moderate strength between FSIQ and Bayley
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scores at 30-35 months (Table 4). Fig. 1 confirms the pattern from the
correlation matrix, with fitted regression lines demonstrating the re-
lationships increase with age. The regression models including all sub-
scales explained 3 %, 20 % and 36 % of the variance in the FSIQ at 6-11,
18-23 and 30-35 months respectively (Fig. 2).

In ROC curves between the Bayley composite scores at the three
timepoints and the cut off for delay when the children were four years,
the area under the curve (AUC) were 0.64. 0.62 and 0.63 for the
Cognitive, Language and Motor composite scores at 6-11 months using
IQ < 70, and 0.56, 0.58 and 0.61 using <-2SD below sample mean. At
30-35 months, the AUCs were 0.86, 0.85 and 0.79 with <70 as cut off,
and 0.93 and 0.82 and 0.86 using <-2SD below sample mean (Supple-
mentary Fig. 2). The Cohen's kappas between the Bayley composite
scores <70 at the different timepoints and the FSIQ <70 ranged from
0.05 to 0.26 (Table S1).

4. Discussion

In the current study, we measured the stability of Bayley scores
during early childhood and its relationship with intellectual abilities at
four years in 529 Nepalese children. The stability between the Bayley
composite scores at the three time points were poor. The correlation
coefficients between the same domains at different time points varied
between 0.11 and 0.53, with lower coefficients at the earliest time
points. It is important to keep in mind that these correlations correspond
to explained variabilities of 1 to 25 %. The Bayley scales explained 3 %,
20 % and 36 % of the variability of the FSIQ at the three measurement
time points. The agreement between having scores below the cut off for
cognitive delay at each time point was poor both between the Bayley
measures and between the Bayley and the FSIQ. The ability of the Bayley
scales to discriminate between children with scores above and below cut
offs for cognitive delay at four years was poor for the first Bayley mea-
surements and improved with age.

Studies measuring the stability of the Bayley scales through repeated
measurements in early childhood are scarce. Although an overall poor
agreement taking all measurement time points into account, our find-
ings suggest a pattern of poor correlations involving Bayley scores in
infancy, and improved correlations with scores later in the period of
early childhood. Overall, the variation in the coefficients in the current
study is similar to previous studies [3-5]. A Polish study investigating
the stability of scores on the Bayley-II taken at 12, 24 and 36 months,
showed low to moderate correlations with stronger correlations between
the latter time points than the first in accordance with current findings
[26]. Using the Bayley-I, a previous study in Indonesia showed that the
modest stability up to 18 months improved when the children reached
24 months [6]. When discussing the stability of ECD measures, it should
be taken into account that since characteristics of the developing brain
leads to variability both within and between individuals in their
developmental sequences, a perfect agreement is not likely [18]. The
fluctuations in the development decrease with time however [18], and
the increased stability of scores with age seen in the current and previous
studies is therefore expected. Hence, although poor agreement between
scores taking all measurement time points into account, measurements
taken later in early childhood should be considered more reliable.

Although the strengths of the relationship between the Bayley scores
and the FSIQ are weak to moderate overall, results show a gradual
improvement in the relationship between Bayley scores in the period of
early childhood and intellectual abilities at four years. While the
explained variance of 2 % using the Bayley scores at 6-11 months is
considerably below what is described in the previous meta-analysis in
preterm children, the explained variance of 36 % using measures at
30-35 months are in accordance with the findings of 37 % explained
variability [13]. The gradual improved relationship between the Bayley
scores and intellectual abilities, are complemented by the ROC analyses
and kappa statistics. In the ROC analyses, the poor diagnostic prediction
of the Bayley scores at the first time points, improved to good at the third
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Table 4
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Correlation coefficients (95 % confidence interval)” between Wechsler Preschool and Primary Scale of Intelligence, 4th edition full scale IQ score (FSIQ) at 4 years and
Bayley Scales of Infant and Toddler Development, 3rd edition composite scores at three time points during early childhood in 529 Nepalese children.

42-47 months 6-11 months 18-23 months 30-35 months
FSIQ Cognitive Language Motor Cognitive Language Motor Cognitive Language Motor
42-47 months FSIQ”
6-11 months Cognitive 0.10* -
0.01-0.18 -
Language 0.16%**
0.07-0.24
Motor 0.14** -
0.22-0.05 -
18-23 months Cognitive 0.3 0.21%%* -
0.24-0.39 0.11-0.27 0.10-0.26 0.13-0.29 -
Language 0.39%%* 0.19%** 0.26%** 0.19%** 0.35%%* -
0.31-0.46 0.10-0.27 0.18-0.34 0.11-0.27 0.27-0.42 -
Motor 0.29%** 0.25%** 0.24%** 0.32%%* 0.35%"* 0.39%** -
0.21-0.36 0.17-0.33 0.15-0.31 0.24-0.39 0.27-0.42 0.31-0.46 -
30-35 months Cognitive 0.49%%* 0.11% 0.08 0.14** 0.26%** 0.31%%* 0.297%%* -
0.43-0.56 0.02-0.19 0.00-0.17 0.05-0.22 0.18-0.34 0.24-0.39 0.21-0.37 -
Language 0.52%** 0.19%** 0.22%** 0.21%** 0.28%** 0.53%** 0.36"** 0.47%+* -
0.45-0.58 0.10-0.27 0.13-0.30 0.12-0.29 0.20-0.36 0.46-0.59 0.28-0.43 0.40-0.54 -
Motor 0.39%** 0.19%** 0.18%** 0.26%"* 0.27%** 0.31%%* 0.40%** 0.41%** 0.51%** -
0.32-0.46 0.11-0.27 0.09-0.26 0.18-0.34 0.19-0.35 0.23-0.35 0.32-0.47 0.33-0.48 0.44-0.57 -

@ Pearson product moment correlation coefficient.
b Full scale intelligence quotients.

" p < 0.05.

" p <0.01.

" p < 0.001.

Table 5

Concordance correlation coefficients (CCC), difference in average and 95 % limits of agreement between Bayley Scales of Infant and Toddler Development, 3rd edition
(Bayley-III) composite scores at 6—11 and 30-35 months and 18-23 and 30-35 months in 529 Nepalese children.

6-11 and 30-35 months

18-23 and 30-35 months

Bayley-III composite scores CCC (95%CI) Difference Average

95 % Limits of Agreement

CCC (95%CI) Difference Average 95 % Limits of Agreement

Cognitive 0.05 (0.01, 0.09) 12.62 —10.81, 36.05
Language 0.13 (0.08, 0.18) —9.68 —30.59, 11.23
Motor 0.20 (0.14, 0.26) —8.69

-36.10, 18.73

0.20 (0.14, 0.26) 5.75 —-11.70, 23.19
0.45 (0.40, 0.51) —2.05 —23.09, 18.99
0.36 (0.29, 0.43) —4.09 —24.10, 15.93

Bayley-III - Bayley Scales of Infant and Toddler Development, 3rd edition; CCC — concord correlation coefficient.

year. Our findings are in accordance with a previous study that found
very good prediction at 30 months of age, and lower prediction 8 and 18
months [27]. In another study in a LMIC setting, scores before approx-
imately 24 months had low predictive power, while prediction increased
after that age [6,17]. The Cohen's kappas demonstrate the poor pre-
dictive value of having poor Bayley scores in early childhood for poor
FSIQ at four years. Due to the rapid and qualitative changes in the
developing brain, a perfect prediction between the Bayley scales and
later intellectual abilities should not be expected [1]. Notably, in the
current study, measures taken at approximately 3 years showed better
predictive ability than measures taken early.

The weak relationship between the Bayley-III and later intellectual
abilities could partly be related to the characteristics of the study pop-
ulation. A previous study found lower correlations for infants born full-
term than pre-term [15], and although there is a high level of premature
born infants in the present sample, the majority is born to term. The
present study including mildly stunted infants constitute a high-risk
sample in the current population, however. It is thus reasonable to as-
sume that these infants are subject to a range of risks that could affect
their developmental trajectories over time [28,29]. As a consequence,
the stability of the Bayley scores and its predictive ability might be lower
in this sample than for children in more protective environments [5].

Our findings suggesting that Bayley scores in the period of early
childhood fluctuate and have poor predictive ability have several clin-
ical implications. For instance, Bayley measures from a single assess-
ment time point should not be used alone to diagnose cognitive delay.
Multiple Bayley measures to track developmental trajectories and

information on the child's development from several sources is prefer-
able to set diagnoses with certainty. Moreover, our findings indicate that
the predictive ability of the Bayley test improve with age within the
period of early childhood. Thus, higher confidence should be given to
measures taken in older children than in younger, and if possible, WPPSI
should be the preferred measure.

Our findings are also highly relevant for research in resource-poor
settings in LMIC. The last decades there has been an increased aware-
ness towards the risk of more extreme biological and psychosocial in-
fluences for young children in resource-poor circumstances leading to a
loss of developmental potential [30]. Efforts to identify modifiable risk
factors and to evaluate effective intervention strategies are accordingly
called for. Our findings suggesting stability and predictive ability of the
Bayley scores are poor in early life increasing in the period of early
childhood, have important implications for the design of such studies.
When reliability of an outcome measure decreases the unexplained
variability increases, which has implications for the precision of effect
measures estimates (p-values and confidence interval increase, and
statistical power decrease). Such increased variability does not, how-
ever, affect the effect measure estimates. The unexplained variability of
ECD measures in early childhood should be considered when estimating
the samples size of a study. Moreover, although the relationship between
the Bayley scores and the measure of intellectual abilities at 4 years
improve within the period of early childhood, the strength of the esti-
mates remains weak to moderate, and therefore care should be taken if
study objectives involve prediction of future intellectual abilities. Mea-
sures taken later in the period of early childhood are preferable showing
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that a longitudinal design with longer follow up time may be required.

Strengths of our study is the high-quality measurements with
excellent inter-rater agreement [8] reducing random measurement er-
rors, and the large sample size with repeated measurements and low
attrition rate. Limitations include the use of neurodevelopmental
assessment tools not formally validated for the Nepalese context and the
use of US norms, as well as the high-risk sample of mildly stunted in-
fants. The lack of validation does not, however, influence the internal
validity of our findings but compromises its generalizability. In the
interpretation of the current results, the lack of formally validated tests,
the Nepalese context and the inclusion and exclusion criteria for the
original trial need to be taken into consideration.

To conclude, our data suggest low stability of the Bayley scales early
in infancy improving within the period of early childhood. The associ-
ations between the Bayley scales and later intellectual abilities also
strengthen with age. Our large sample size and repeated high-quality
measures of ECD in a community-based cohort provide strengths to
our findings. Findings are of relevance for clinical practice and for the
planning of research designs.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.earlhumdev.2022.105610.
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