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Abstract

Objective—To examine the relationships between growth (birth to age 2 years) and
developmental outcomes in children born with very low birthweight (VLBW).

Design—Motor and mental development in children born with VLBW were regressed on
anthropometric measurements at birth, 9 months and 2 years using multivariable regression.

Setting—The Early Childhood Longitudinal Study—Birth Cohort, a longitudinal cohort,
community sample, designed to be representative of children born across the USA.

Patients—950 children born with VLBW (<1500 g).

Main Outcome Measures—Motor and cognitive scores on the Bayley Scales at 9 months and
24 months chronological age.

Results—A high proportion of children exhibited poor growth, with length-for-age z-scores <-2
(ie, stunting) in 21.3% of children at 9 months (adjusted for prematurity) and 34.2% of children at
2 years. Compared with children having z-scores >-2, children with growth shortfalls in head
circumference, length and weight had a higher adjusted OR (aOR) of low Bayley motor scores at 9
months and 2 years (aOR ranging from 1.8 to 3.3, all p<0.05), while low Bayley cognitive scores
were predicted by 9-month deficits in length and weight (aOR 2.0 and 2.4, respectively, both
p<0.01) and 2-year deficits in length and head circumference (aOR 2.9 and 2.8, both p<0.05).

Conclusion—Anthropometric measures of growth were linked to current and future
neurodevelopmental outcomes in children born with VLBW. While careful length measures may
be a particularly useful marker, deficits in all anthropometric measures were risk factors for
developmental delays.

INTRODUCTION

Cognitive and motor development in early life are tied to later success in school and the
workplace.1=3 Contributors to cognitive and motor development are complex and include
influences that occur during early development, both before and after birth.4-8 Growth from
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the prenatal period through the first 3 years, in particular, has been linked to cognitive and
motor development both as a surrogate for overall health and development and as the
markers of increasing brain size and neurological maturation.”~® Anthropomorphic
measurements taken at birth and in early childhood have been used in studies of child
development over the past half century to document this association.1911 Readily available
as part of general paediatric care, weight, head circumference (HC) and length, are assessed
frequently during the first 3 years of life.12

Children born with low birthweight (LBW, <2500 g) comprise about 8% of births annually
in the USA13 and about 16% of births worldwide.1# In the USA, about 1.5% of children are
born with very LBW (VLBW, <1500 g)13 and 11.4% of births were preterm (before 37
weeks gestation) in 2013.13 International estimates of VLBW births vary significantly due to
differences in local practice patterns surrounding neonatal resuscitation and infant care in
prematurity.24 Children born with VLBWare known to be at particularly high risk of
developmental difficulties and poor cognitive and motor outcome.111516

Nutritional support for infants born with VLBW has improved significantly since the
introduction of intravenous (1V) nutrition for preterm infants in the 1970°s7 and specialised
preterm infant formulas in the 1980s.18 It is assumed that improvements in early growth
among infants born with VLBW seen with modern neonatal intensive care translates into
improved cognitive and motor performance in childhood and beyond. However no nationally
representative, longitudinal study, evaluating the relationship between growth parameters
and neurocognitive outcomes of VLBW infants has been completed since improvements in
VLBW infant nutrition have become standard of care. Understanding the relationship
between easily obtained measures of growth and neurocognitive outcomes could be
clinically useful for early identification of children at risk of lower neurological
developmental status.

The goal of this study was to evaluate the relationship between longitudinally measured
growth parameters (weight, length, HC) and performance on the Bayley Scales of infant and
toddler development during the first 2 years in children born with LBW. We analysed data
from the Early Childhood and Longitudinal Study—Birth Cohort (ECLS-B), a nationally
representative comprehensive cohort study that oversampled children born with VLBW. We
tested a hypothesis that early anthropometry and growth would correlate with Bayley scores
at both 9 months and 2 years.

METHODS

The ECLS-B is a large multi-source, multi-method study sponsored by the National Center
for Education Statistics (NCES), US Department of Education.1920 |t includes a nationally
representative sample of children born in 2001 who were selected based on a random
sampling of birth certificates and examined longitudinally at birth, at 9 months and at 2
years. The study sampled births within primary sampling units from the National Center for
Health Statistics vital statistics programme, stratified by geographical region, median
household income, proportion minority population and metro versus non-metro area. The
NCES ethics review board approved the study and parents gave informed consent. The
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researchers obtained a final sample of approximately 10 700 completed interviews (rounded
to the nearest 50 in compliance with NCES rules). Of these, approximately 950 children
were born with VLBW by birth certificate records. Parents reported how many days their
child stayed in the hospital after birth for medical problems and how many days the child
was on a ventilator.

Anthropometry

Birthweight data were gathered directly from birth certificates. Direct measurements of
anthropometry were obtained by trained researchers using standardised protocols and
equipment including a digital scale, stadiometer, and looped tape measure. Children were
dressed in light clothing without shoes. Measurements were taken twice, if these were within
5% of each other, their average was used, otherwise a third measurement was taken and the
three measurements averaged. At 9 months recumbent length was measured and at 2 years
standing height was measured. All anthropometric measurements were converted to age-
specific and gender-specific percentiles and z-scores using the 2006 WHO growth charts.?!
In addition to weight and height, we used body mass index (BMI) to take into account
changes in body mass over time with age.22 For children born <37 weeks, we created a
corrected age at the 9-month visit by subtracting the number of weeks the child was born
prematurely from the chronological age; we then used this corrected age to create
anthropometry z-scores at 9 months. We classified children as being small or large for z-
scores <—2 or >2, respectively. To adjust birth weights for gestational age and gender, we
used the Fenton z-score calculator.?3

Developmental outcomes

Covariates

Trained researchers administered the Bayley Short Form— Research edition to children at
both the 9-month and 2-year waves. Mental scores include problem-solving and language
tasks; motor scores include fine and gross motor skills. Using Item Response Theory
modelling, the ECLS-B researchers estimated Bayley Scales of infant development scores.1?
Standardised t-scores were created for the ECLS-B data to enable individual comparisons
with the total sample of 10 700 children studied in the ECLS-B. T-scores were based on age,
adjusting for prematurity. The mental and motor t-scores have mean of 50 and SD of 10.

Parents identified their child’s gender. NCES calculated socioeconomic status (SES) based
on family income, maternal education, maternal occupation, paternal education and paternal
occupation.1® Participants were categorised into SES quintiles (lowest=1; highest=5).

Statistical analysis

All analyses were run using SAS (V.9.4; SAS Institute, Research Triangle, North Carolina,
USA). We used linear regression analyses to predict Bayley t-scores from anthropometry z-
scores. As other studies have found differences between genders,24 we assessed for
interaction terms. Next, we completed the analyses in a categorical fashion, looking at those
who fall two SDs below the mean for anthropometry assessments, predicting odds of Bayley
Scores more than 2 SD below the mean. All regression models were run without adjustment
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and with adjustment for potential confounders (birthweight, race/ethnicity, sex, SES). We
assessed relationships between 2-year Bayley outcomes based on anthropometric measures
at 9 months and based on the change in z-scores between 9 months and 2 years.

RESULTS

Anthropometric measurements and Bayley Scores were available for approximately 950
VLBW children at age 9 months and 650 children at 2 years. Of these, 34% were born
extremely premature (22 to <28 weeks), 46% were born very premature (28 to <32 weeks),
18% were born moderate-to-late preterm (32 to <37) and 3% were born full term (=37) (see
online supplementary figure S1). Further demographic information is displayed in table 1.

For each of the anthropometric measures (HC, height, weight and BMI), there was a high
proportion of children with z-scores below -2 SD at both 9 months and 2 years (see online
supplementary table S1). Greater than 5% of children had z-scores >2 for HC and BMI at 9
months and 2 years.

Motor and mental development as reported by mean Bayley t-scores is shown for each
birthweight category in figure 1. These t-scores are standardised for age corrected for
gestation. Mean values shown are further adjusted for sex, race/ethnicity and SES. All
groups of children born with VLBW had t-score means below the overall mean created to be
50 for the general population. Compared with children in lower birthweight categories,
children in higher birthweight categories had higher Bayley t-scores for motor skills at both
time points and for cognitive skills at 9 months, even taking into account degree of
prematurity and socio-economic factors. Using linear regression assessing association
between birthweight (in grams) and Bayley t-scores, each of these categories of development
(motor and mental at 9 months and 2 years) was significantly associated (all p<0.05, data not
shown). This was also true for relationships between birthweight z-score for gestational age
as determined by the Fenton measurements and motor and cognitive scores at 9 months and
2 years (p<0.05).23 In evaluating for odds of low Bayley scores in children born small for
their gestational age (SGA) (birthweight for gestation <10th percentile), children born SGA
had higher odds of having low scores at 9 months but not 2 years (see online supplementary
table S2).

Table 2 provides results of linear regression analyses examining the relationships between
HC, length, weight and BMI on Bayley t-scores. In cross-sectional regression of Bayley t-
scores at both time points, when adjusting for birthweight and other covariates, length and
weight were strong predictors; HC was a predictor in all models with the exception of
cognition at 9 months. BMI was a predictor in adjusted models of motor outcomes at 2
years. In assessing which factors were related to change in Bayley score over time, both
length and weight were significantly associated with change in Bayley motor and mental
scores, even after adjusting for baseline Bayley score at 9 month.

When height for age Z-score (HAZ), weight for age Z-score (WAZ) and head circumference
for age Z-score (HCZ) were put into models together, the overall p values were significant
for all models except when the outcome was change in Bayley score.
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Results for logistic regression analyses are found in table 3. Children who were more than 2
SDs below the mean in anthropometry consistently had increased odds of having
developmental delays characterised by Bayley t-scores more than 2 SDs below the mean.
For low motor scores at both time points, these odds were statistically significant as related
to low z-scores for HC, length and weight. For low cognitive scores, children with shorter
length and lower weight at 9 months and those with shorter length and smaller HC at 2 years
had higher odds of delay. When HAZ, WAZ and HCZ were put into models together, overall
p values were significant for all except those predicting cognitive Bayley scores at 2 years.

p Value represents the overall significance of HAZ, WAZ and HCZ together, adjusting for
sex, race/ethnicity, SES and birthweight.

DISCUSSION

Unlike previous cohorts evaluating the relationship between anthropometry and outcome,
children in our cohort were born in a time when high calorie 1V and enteral nutrition were
available from birth. We found in this cohort of children that multiple measures of growth
prior to age 2 were linked to early developmental abilities: (1) in cross-sectional analyses, z-
scores for height, weight and HC were correlated with Bayley scores of motor and cognitive
development at 9 months and 2 years; (2) length and weight measures at 9 months were
correlated with that child’s Bayley scores at 2 years and (3) the 9-month length and weight
z-scores correlated with the change in Bayley scores from 9 to 24 months. Despite access to
high calorie enteral feeding, this cohort remained at high risk for suboptimal postnatal
growth. In our sample, 34% of children born with VLBW had height z-scores <-2 at age 2
years. Those children who were smaller had higher risk of developmental delays. Our
findings remained true in models adjusted for SES, birthweight and gestational age, arguing
for the importance of early growth in development of early motor and language skills—Kkey
precursors to later academic success. These data have implications for following children
born with VLBW to identify those at risk of developmental deficits.

These findings are relevant to a large and increasing population in the USA and worldwide.
Each year approximately 12% of infants in the USA—almost 500 000—are born prior to the
37th post-menstrual week.2> Long-term survival of infants born preterm has risen
dramatically. Preterm birth is now a leading cause of neurodevelopmental disabilities in
children,26 and the degree of neurodevelopmental disability is inversely correlated with
gestational age at birth. Growth during the developmental window spanning the late prenatal
and early postnatal period is clearly very important to development.2” Our data support that
early measures of growth can be helpful in identifying children at risk of poor
neurodevelopmental outcome for whom early intervention could be particularly effective.
Linear regression models revealed relationships between 2-year Bayley scores and 9-month
measures of HC, length and weight. Logistic regression revealed that children with weight
and weight-for-height measures =2 SDs below the mean at 9 months were more likely to
have low Bayley scores at 2 years.

Weight gain is the most commonly used marker of improved nutrition. Prior studies on this
topic have largely focused on birthweight as related to these outcomes.2427 By 2 years of
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age, links between current weight and cognitive Bayley scores were less consistent than seen
for HC and length at that time point in our study. Throughout, measures of length were
consistently linked to Bayley outcomes, suggesting linear growth as a good marker of health
and nutrition,28 more so than measurement of weight alone. This may have implications for
a lack of further improvements in cognitive scores in the presence of excess weight gain.
Further study is needed, but these data raise the potential that at older ages, height and HC
may be better indicators of healthy growth and better predictors of cognitive development
than weight alone. This is similar to patterns seen around the world, where height at the
second birthday is associated with reduced neurodevelopmental capacity.2930

Prior to the widespread availability of high-calorie infant nutrition, several studies found a
relationship between VLBW and developmental outcomes. In the 1970s, Ross et al3!
evaluated 86 preterm infants born with LBW for relationships between growth and 12-month
Bayley scores, finding that children with normal growth in the first year of life had normal
neurobehavioural outcomes (defined as mean Bayley scores >85th), while those with sub-
normal growth had delayed neurobehavioural outcomes. Horwood et al32 found cognitive,
educational and behavioural deficits in almost 300 children born with VLBW in New
Zealand prior to 1990. In-hospital growth velocity has also been shown to correlate with
neurodevelopmental outcomes.33

The majority of brain growth happens in the first 1000 days of life. Brain size increases four
times during the preschool years, and reaches approximately 90% of adult size by age 6.34
The relationships between nutrition and neural proliferation, growth and pruning are not
well understood.3® Undernutrition, particularly during gestation or in the neonatal intensive
care unit (NICU) period, can affect the developing brain and cognitive abilities.3> Changes
in memory have been found with poor nutrition in mice.3¢ Studies examining brain structure
and function are seeking to examine pathways of cognitive delay such as defects in
myelination, disturbances to synaptic proliferation and pruning and neuro-inflammation.2°
Brain size correlates with HC and decreased growth velocity of the head may indicate that
there is a disruption in neurodevelopment.3” Catch-up weight gain in babies born SGA has
been correlated with regional brain volume catch-up as well.38 Another study examined
myelination, measured by transcephalic impedance, and found relationships with
developmental scores.39 In smaller samples, HC in children born with VLBW was found to
correlate with later cognitive abilities.*0 More recently, Cheong et al evaluated 202 preterm
infants using HC, MRI and Bayley scores at age 2 years. They noted that the percentage of
children with microcephaly increased from term to 2 years of age, indicating postnatal brain
growth failure. In this study, HC was a marker of overall brain volume, but did not correlate
with grey matter abnormalities.3”

Another recent study found that children with consistently small heads over the first 2 years
of life were seven times more likely to have a neurocognitive disorder.4! Those authors also
noted a study in the UK that found that in children whose HC crossed below the second
percentile, 40% had neurodevelopmental pathology.*?

While this study employed a recruitment approach based on birth certificates to get a sample
representative of all children born across the USA, the study was limited by a lack of data
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regarding details of the NICU stay and severity of medical diagnoses of these predominantly
preterm infants. Additionally, the technique of repeating a third measure of anthropometry
only if the first two measures were >5% different potentially allowed for a margin of error in
the values used. Further research is needed to examine the way medical complexity
influences growth.

Our findings are consistent with prior studies linking brain growth to early child
development and may have implications underscoring the importance of brain growth for a
child’s motor and problem-solving skills. Modern nutritional practices have not modified
this association. Children identified with slower growth may be identified by their
paediatrician for further evaluation. In the present era of improved nutrition for VLBW
infants, there remains a link between childhood growth and neurodevelopment.
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Figure 1.

Mean Bayley development scores by birthweight categories. T-scores for motor (A and C)
and mental (B and D) development at 9 months and 2 years are adjusted for sex, race/
ethnicity, socio-economic status and gestational age. The population mean for these scores is
set to 50 with a SD of 10. Comparison to group weighing <750 g: *p<0.05; **p<0.01;
***p<0.001. Comparison to group weighing 750-1000 g: ##p<0.01; ###p<0.001.
Comparison to group weighing 100-1250 g: ®® p<0.01.
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Table 1

Participant characteristics by birthweight category (N=950")

Birthweight category (data provided as percentage by category)

<750y 750-<1000g  1000-<1250g  1250-<1500 g

Percentage by birthweight category 14 24 29 32
Variable (% by category, columns add to 100%)
Gender
Male (50%) 49 56 43 52
Female (50%) 51 44 57 48
p Value (x?) 0.02
Gestation
Extremely preterm (22 to <28 weeks) (33%) 82 58 21 7
Very preterm (28 to <32 weeks) (50%) 13 36 58 56
Moderate-to-late preterm (32—<37 weeks) (17%) 5 5 20 31
Term 0 1 1 6
p Value (x?) <0.0001
Socio-economic status
1. High (22%) 24 17 23 24
2. Medium high (22%) 23 22 22 23
3. Medium (22%) 21 28 19 20
4. Medium low (17%) 15 17 19 16
5. Low (17%) 17 16 17 18
p Value (x?) 0.6
Parental education
1. Less than high school (17%) 15 15 15 17
2. High school (28%) 29 21 27 31
3. Some college/vocational (28%) 31 36 30 22
4. College degree (17%) 17 18 15 17
5. Graduate or doctorate (11%) 8 10 13 12
p Value (x?) 0.1
Hospital stay
1-15 days 1 2 4 6
15-30 days 0 1 14 40
30-60 days 7 32 49 42
>60 days 92 65 33 12
<0.0001
Days on ventilator
0 days 4 10 29 43
1-15 days 16 34 40 39
15-30 days 13 23 16 7
30-60 days 33 22 11 7
>60 days 34 12 4 4
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Birthweight category (data provided as percentage by category)

<750 g 750-<1000 g 1000-<1250 g 1250-<1500 g

<0.0001

*
N rounded to the nearest 50 in compliance with National Center for Education Statistics (NCES) guidelines.

NS, not significant (p>0.05).
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