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Abstract
Objective To assess if the adjusted odds of low composite cognitive Bayley-III scores changed after implementing a single-
institution quality improvement (QI) project designed to decrease discharge Z-scores for weight, body mass index (BMI),
and weight-for-length, but not length or fronto-occipital circumference (FOC) in infants 23–28 weeks gestational age (GA).
Methods Compare Bayley-III outcomes at ≥18 months corrected age (postnatal age adjusted for prematurity) in infants
tested before (Epoch-1) and after (Epoch-2) QI implementation.
Results Bayley testing was available in 134/156 infants (86%) in Epoch-1 and 139/175 (79%) in Epoch-2. There was no
change in frequency of low (<85) cognitive score (p= 0.5) or in median cognitive scores (80 in Epoch-1 vs. 85 Epoch-2,
p= 0.35). The adjusted odds of low cognitive scores was not different between Epochs.
Conclusion No change in cognitive outcome at ≥18 months corrected age was observed after implementing a QI project
designed to reduce discharge weight-for-length disproportion in very preterm infants.

Introduction

More than one in ten infants in the United States are born
preterm each year. Those born very preterm (≤28 weeks
gestational age (GA)) have the highest risk of neonatal
mortality and morbidity and unfortunately, the greatest
burden of neurodevelopmental disabilities. Much research
has therefore been devoted to identifying ways to improve
long-term neurodevelopmental outcomes in this vulnerable
population.

Greater postnatal growth in preterm infants has long been
associated with improved neurodevelopmental outcomes

[1–9]. However, this has generally focused on increasing
weight gain velocity. This has been due to a lack of con-
sensus on a safe, valid method for accurately
measuring serial lengths in critically ill neonates. This
approach to judging growth can lead to disproportionate
weight-for-length growth with excessive weight gain and
body mass index (BMI) at the time of discharge from the
neonatal intensive care unit (NICU) and later in
infancy, potentially contributing to the increased frequency
of metabolic syndrome in young adults born preterm
[10–13]. Recent studies have shown a stronger relationship
between neurodevelopmental outcome and head
growth and linear growth velocities than weight gain
velocity [14–19].

The aim of this study was to compare neurodevelop-
mental outcome of very preterm infants before (Epoch-1)
and after (Epoch-2) implementing a quality improvement
(QI) project designed to reduce disproportionate growth
(weight > length) from birth to discharge from the
NICU [20, 21]. Infants born in Epoch-2 had lower dis-
charge Z-scores for weight, weight-for-length, and BMI
compared with those born in Epoch-1, but similar
Z-scores for length and fronto-occipital circumference
(FOC) [20]. We hypothesized that cognitive outcomes in
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very preterm infants born in Epoch-2 would not be worse
than those born in Epoch-1.

Methods

Study design

Previous studies of preterm very low birth weight (VLBW)
infants born at Parkland Hospital had shown dispropor-
tionate weight-for-length (>90th centile) growth, greater
waist circumference and fat mass at NICU discharge and
persistence at 1 and 2 years of age [10–12]. At 2-year fol-
low-up, these infants also had elevated serum adipokines,
while at 10–13 years (studies in analysis) they had a high
frequency of excessive weight gain and adiposity associated
with an elevated systolic blood pressure [13].

In order to limit the occurrence of disproportionate
weight-for-length growth at NICU discharge, we initiated a
QI project targeting neonates born at <29 weeks GA and
small for GA neonates born at <34 weeks GA at Parkland
Hospital that included implementation of a validated
method for serial length measurements and adjustable
nutrient intake based on serum laboratory measurements
[20, 21]. Neonates were individually fortified based on
growth and serial serum concentrations of key nutrients and
five growth patterns based on analysis of weight gain and
linear growth: physiologic growth, insufficient growth,
insufficient linear growth, excessive weight gain, and
insufficient weight gain. Infants with insufficient linear
growth, which was associated with deficiency in at least one
nutrient (e.g., protein, electrolytes, minerals, vitamins, and/
or zinc), received individual fortification to address such
deficiency in order to improve linear growth and head
growth [21, 22]. Implementation of the QI project resulted
in decreased discharge Z-scores for weight, BMI, and
weight-for-length, but not discharge length or FOC Z-scores
in appropriate for GA neonates <29 weeks GA. Growth and
head growth after discharge were associated with human
milk (HM) at discharge and time of initiation and type of
complementary food intake [23]. The current study reports
on the Bayley-III neurodevelopmental testing results
obtained on neonates <29 weeks GA when they were seen
in our NICU follow-up clinic at ≥18 months adjusted age
(postnatal age corrected for prematurity).

Setting

All infants were born at Parkland Hospital, a large public
hospital with >12,000 annual births. They were followed in
the Thrive Clinic at Children’s Medical Center of Dallas.
The Thrive Clinic provides comprehensive primary care to
high-risk infants in addition to developmental and focused

research assessments. Developmental assessment included
the Bayley Scales of Infant Development III performed by a
certified examiner (KTP) in either English or Spanish [24].

Inclusion and exclusion criteria

We included infants 230/7–286/7 weeks GA born between
July 2012 and March 2015 (Epoch-1) or between June 2015
and October 2017 (Epoch-2) who were discharged from our
NICU and then completed Bayley-III neurodevelopmental
testing in the Thrive Clinic at ≥18 months adjusted age.
Infants who died after NICU discharge were lost to follow-
up, or who did not complete Bayley-III neurodevelopmental
testing at ≥18 months adjusted age were excluded.

Variables

The primary outcome variable was the adjusted odds of low
composite cognitive score (<85). Variables considered for
the multivariate analyses included: (1) Epoch-2 vs. Epoch-
1; (2) maternal data: education level, race/ethnicity, multiple
pregnancy, antenatal steroids, (3) neonatal data at birth: GA,
birth weight Z-score calculated using Olsen’s growth curves
[25], sex; (4) neonatal morbidity: moderate or severe
bronchopulmonary dysplasia (BPD) [26], severe intraven-
tricular hemorrhage (IVH) ≥grade III [27], periventricular
leukomalacia, necrotizing enterocolitis (NEC) stage ≥II
[28], severe retinopathy of prematurity (ROP) (defined as
retinal detachment, laser surgery, or exposure to local
injection of Bevacizumab, an anti-vascular endothelial
growth factor); (5) discharge data: use of HM, Z-scores of
weight, length, FOC, and BMI calculated using Olsen’s or
WHO curves [25, 29, 30], changes in weight, length and
FOC Z-scores from birth to discharge; (6) language (Span-
ish, English or other); and (7) adjusted age at neurodeve-
lopmental testing.

Secondary outcome variables included low composite
language score (<85), low composite motor score (<85),
very low composite motor score (<70), as well as cognitive,
language, and motor scores assessed as continuous
variables.

Statistical analysis

Analysis was performed using SPSS version 26 (IBM, Inc.,
Armonk, NY). Demographic and other clinically relevant
information are summarized with percentages, means and
standard deviations (SD), or medians and interquartile
ranges (IQR). Continuous data were compared using Stu-
dent t test, Welch test (used if Levene’s test showed unequal
variances), or Mann–Whitney U test depending on the data
distribution. Categorical data were compared with a Chi-
square (χ2) test or Fisher exact test. Composite Bayley
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scores have a mean of 100 and a SD of 15 [31]. The defi-
nition of low Bayley scores is arbitrary and controversial
and depends on each specific version [32]. Therefore, we
analyzed data as dichotomous (logistic regression) and
continuous (linear regression). Multivariate logistic regres-
sion with forward stepwise inclusion (in, p < 0.05, out,
p < 0.10) was used to model low and very low composite
Bayley scores and to calculate the adjusted odds ratio and
95% confidence intervals of low Bayley scores. Multi-
variate linear regression with backward stepwise elimina-
tion was used to model Bayley scores with covariates. In
addition, the number of independent variables for each
model was limited to one variable per ten patients with the
outcome of interest and to eliminate multi-collinearity,
which was assessed using SAS 9.4 (SAS Institute, Inc,

Cary, NC) [33, 34]. All statistical tests used <0.05 as the
significance level.

The sample size of this study was larger than that of the
original study (n= 226) [21], which excluded small for GA
and large for GA infants; however, it was limited by the
number of infants who had complete Bayley scores. The
current study had 80% power calculated using SAS with a
two-tailed alpha of 0.05 to detect an association of Epoch
with a 33% increase in percentage of low cognitive Bayley
scores (66.7% in Epoch-2 vs. 50.0% in Epoch-1, corre-
sponding to an odds ratio of 2 for the primary outcome)
using logistic regression analysis adjusted for one con-
tinuous and two dichotomous independent variables. Sec-
ondary analyses should be considered exploratory because
we had insufficient power and did not adjust p values for
multiple comparisons.

Results

Study population

The study population included 331 infants <29 weeks GA
discharged from the NICU (Supplementary Fig. 1). Bayley
testing at 18–41 months adjusted age was available in 134/
156 infants (86%; 26.2 ± 1.3 weeks GA) in Epoch-1 and
139/175 (79%; 26.2 ± 1.4 weeks GA) in Epoch-2 (Table 1).

The most common reasons for exclusion included loss to
follow-up after NICU discharge (n= 34) and performance
of neurodevelopmental testing before 18 months adjusted
age (n= 15) (Supplementary Fig. 1). In both Epochs,
infants who completed Bayley testing at ≥18 months
adjusted age had lower mean GA and Z-scores for birth
weight, length, and FOC than those who did not have
complete Bayley testing (Supplementary Table 1). In
Epoch-1, infants who completed Bayley testing at
≥18 months had lower mean Z-scores for length and FOC at
discharge compared to those in Epoch-1 who did not
complete Bayley testing. In Epoch-2, infants who com-
pleted Bayley testing at ≥18 months were discharged at later
postmenstrual age with lower Z-scores for weight and
length compared to those in Epoch-2 who did not complete
Bayley testing (Supplementary Table 2).

The race/ethnic distribution was different and the per-
centage of administration of antenatal steroids was higher in
Epoch-2 compared with Epoch-1 (Table 1). The frequencies
of severe NICU morbidities were similar for the two Epochs
except for a higher percentage of infants with severe ROP in
Epoch-1 (Table 2a). A higher percentage of infants in
Epoch-1 received HM feeds at time at the of NICU dis-
charge compared with those in Epoch-2 (48% vs. 36%,
respectively, p= 0.048; Table 2b); this was likely related to
changes that occurred after the move of the NICU to a

Table 1 Birth characteristics of infants included in Epochs-1 and -2.

Birth characteristics Epoch-1
(n= 134)

Epoch-2
(n= 139)

p valuec

Maternal education level

<High school education 61 (45.5)a 58 (41.7) 0.30

High school graduate 22 (16.2) 33 (23.7)

Partial college or trade 30 (22.4) 25 (18)

≥College graduate 10 (7.5) 16 (11.5)

Unknown 11 (8.2) 7 (5)

Antenatal steroids 74 (55) 118 (85) <0.001

Gestational age (weeks) 26.2 ± 1.3b 26.2 ± 1.4 0.69

Female 65 (49) 73 (53) 0.51

Singleton 107 (80) 115 (83) 0.54

Weight (g) 907 ± 213 907 ± 245 0.99

Length (cm) 34 ± 3 34 ± 3 0.45

Fronto-occipital
circumference (cm)

24 ± 2 24 ± 2 0.79

Weight Z-score 0.11 ± 1.03 0.19 ± 1.28 0.59

Length Z-score 0.00 ± 1.04 −0.05 ± 1.18 0.71

FOC Z-score −0.13 ± 1.10 −0.10 ± 1.36 0.86

Race/ethnicity 0.03d

Hispanic White 95 (71) 89 (64)

Non-Hispanic
African–American

29 (22) 45 (32)

Non-Hispanic White 5 (4) 5 (4)

Other 5 (4) 0 (0)

Language

Spanish 65 (49) 55 (40) 0.11d

English 65 (49) 83 (60)

Other 4 (3) 1 (1)

FOC fronto-occipital circumference.
aValues are number and percent of the total in each column.
bValues are mean ± SD.
cStudent t test or χ2 analysis.
dExact test.
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newly built hospital (change in breast pump supplier, much
larger unit with individual patient rooms located on a
separate floor from labor and delivery and postpartum units,
insufficient number of refrigerators available for breast milk
storage within the postpartum unit, limited number of per-
sonnel available for breast milk transport).

As expected, given the aim of the QI project, infants in
Epoch-1 had a significantly higher weight and weight Z-score
at NICU discharge compared to infants in Epoch-2 (3444 ±
684 g vs. 3248 ± 854 g, p= 0.04, and −0.57 ± 0.89 vs.
−1.01 ± 0.88, respectively; p < 0.001) (Table 2b). In contrast,
their length and FOC measurements and Z-scores did not
differ. In lieu of this, BMI and BMI Z-scores and weight-for-
length Z-scores at time of NICU discharge were significantly
lower in Epoch-2 (Table 2b). The decrease in weight Z-scores
from birth to discharge was greater in Epoch-2 than in Epoch-
1, whereas changes in length Z-scores and FOC Z-scores were
similar in both Epochs (Table 2b).

Neurodevelopment

Bivariate analyses

Neurodevelopmental outcomes assessed by Bayley-III
scores are shown in Table 3. Testing was performed at a
similar adjusted age in both Epochs. There was no differ-
ence in frequency of low composite cognitive score (p=
0.51), low composite motor scores (p= 0.21), or very low
motor scores (p= 0.23) in Epoch-2; however, there was a
significant increase in the frequency of low composite
language score in Epoch-2 (p= 0.02; Table 3).

Notably, Bayley scores were skewed to the left in both
Epochs and did not fit a Gaussian distribution; therefore, the
main comparison was done with nonparametric statistics.
There was no significant change in median composite
cognitive score between the two Epochs (p= 0.35). There
was a significant decrease in median composite language
scores [79 (IQR 71, 89) in Epoch-1 vs. 74 (IQR 65, 84) in
Epoch-2, p= 0.003] and increase in median composite
motor scores in Epoch-2 [88 (IQR 79, 94) vs. 91 (IQR 82,
97), p= 0.006, respectively].

Logistic regression analyses

The odds of low composite cognitive scores was negatively
associated with the use of HM at discharge (p= 0.01) and
positively associated with severe IVH (p= 0.01) and
moderate or severe BPD (p= 0.009); it was unchanged with
Epoch (Table 4a).

The odds of low composite language scores was asso-
ciated with an interaction between Epoch and race/ethnicity
(p= 0.009), negatively associated with age at testing (p=
0.001) and positively associated with male sex (p= 0.001)
and severe ROP (p= 0.009) (Table 4b).

The odds of low composite motor scores was negatively
associated with use of HM (p= 0.008) and Z-score of
FOC at discharge (p= 0.004) and positively associated
with severe IVH (p= 0.005) and moderate or severe BPD
(p= 0.01); it was unchanged with Epoch (Table 4c).

Table 2 NICU morbidities and discharge characteristics in infants
included in Epochs-1 and -2.

Epoch-1
(n= 134)

Epoch-2
(n= 139)

p valued

(a) NICU morbidities

PDA ligation 15 (11)b 10 (7) 0.25

BPD (moderate or
severe)

40 (30) 36 (26) 0.47

NEC (Stage II–III) 11 (8) 8 (6) 0.43

IVH (Grade III–IV) 18 (13) 14 (10) 0.39

Cystic PVL 6 (5) 2 (1) 0.17

Severe ROPa 27 (20) 15 (11) 0.03

(b) Discharge characteristics

Human milk
feeds (yes)

64 (48) 50 (36) 0.048

Weight (g) 3444 ± 684c 3248 ± 854 0.04

Length (cm) 49 ± 3 49 ± 4 0.97

FOC (cm) 35 ± 2 34 ± 2 0.62

Weight Z-score −0.57 ± 0.89 −1.01 ± 0.88 <0.001

Length Z-score −1.53 ± 1.25 −1.54 ± 1.19 0.96

FOC Z-score −0.66 ± 1.07 −0.77 ± 1.16 0.39

BMI 14.52 ± 1.52 13.57 ± 1.76 <0.001

BMI Z-score 0.53 ± 0.81 −0.11 ± 0.84 <0.001

Weight-for-length
Z-scoree

1.06 ± 1.06
(n= 124)

0.27 ± 1.22
(n= 131)

0.001

Change in weight Z-
score from birth to
discharge

−0.68 ± 0.82 −1.19 ± 1.07 <0.001

Change in length Z-
score from birth to
discharge

−1.51 ± 1.00 −1.49 ± 1.07 0.93

Change in FOC Z-
score from birth to
discharge

−0.54 ± 1.00 −0.69 ± 1.31 0.31

Postmenstrual age
(weeks)

40.7 ± 3.9 40.9 ± 4.7 0.66

PDA patent ductus arteriosus, BPD bronchopulmonary dysplasia, NEC
necrotizing enterocolitis, IVH intraventricular hemorrhage, PVL
periventricular leukomalacia, ROP retinopathy of prematurity, FOC
front-occipital circumference, BMI body mass index.
aStage III–IV and/or requiring Bevacizumab or laser therapy.
bValues are number and percent of the total in each column.
cValues are mean ± SD.
dStudent t test, χ2 analysis or Fisher’s exact test.
eLimited to postmenstrual age ≥37 weeks and length ≥44 cm.
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The odds of very low composite motor scores was posi-
tively associated with severe IVH (p < 0.001) and severe
ROP (p= 0.03); it was unchanged with Epoch (Table 4d).

Multivariate linear regression

Cognitive scores were negatively associated with severe
IVH (p= 0.001) and moderate or severe BPD (p= 0.03)
and positively associated with the use of HM at discharge
(p= 0.007); they were unchanged with Epoch (Table 5a).

Language scores were associated with an interaction
between Epoch and race/ethnicity (p < 0.001), negatively
associated with male sex (p < 0.001) and severe ROP (p=
0.001) and positively associated with use of HM at dis-
charge (p < 0.001) and age at testing (p < 0.001); they were
unchanged with Epoch (Table 5b).

Motor scores were negatively associated with severe
IVH (p < 0.001) and positively associated with Epoch-2
(p= 0.002), use of HM at discharge (p= 0.001) and FOC
Z-score at discharge (p < 0.001) (Table 5c).

Table 3 Bayley scores obtained
at ≥18 months follow-up in
infants included in Epochs-1
and -2.

Bayley scores Epoch-1 (n= 134) Epoch-2 (n= 139) p valuec

Adjusted age (months) 22.4 (22.1, 23.7)a 22.4 (22.1, 23.3) 0.34

Cognitive score: median (IQR) 80 (75, 90) 85 (75, 90) 0.35

Language score: median (IQR) 79 (71, 89) 74 (65, 84) 0.003

Motor score: median (IQR) 88 (79, 94) 91 (82, 97) 0.006

Cognitive score <85 70 (52)b 67 (48) 0.51

Language score <85 83 (62) 104 (75) 0.02

Motor score <85 (low) 47 (36) 40 (29) 0.21

Motor score <70 (very low) 15 (12) 10 (5) 0.23

IQR interquartile range.
aValues are median (interquartile range).
bValues are number and percent of the total in each column.
cMann–Whitney test, χ2 analysis or Fisher’s exact test.

Table 4 Adjusted odds of low
cognitive and language Bayley
scores occurring at
18–41 months follow-up in
infants included in Epochs-1
and -2.

Factor Adjusted odds ratio 95% confidence interval p value

(a) Cognitive score <85 (n= 135 among 269)a

Human milk at discharge 0.54 0.32, 0.88 0.01

Severe IVH 3.04 1.29, 7.18 0.01

Moderate or severe BPD 2.11 1.20, 3.70 0.009

(b) Language <85 (n= 187 among 273)

Male vs. female 2.60 1.46, 4.63 0.001

Interaction between Epoch and race/ethnicity – – 0.003

Severe ROP 3.88 1.40, 10.78 0.009

Adjusted age at testing (by month) 0.89 0.82, 0.95 0.001

(c) Motor score <85 (n= 86 among 272)

Human milk at discharge 0.45 0.25, 0.81 0.008

Severe IVH 2.79 1.25, 6.20 0.005

Moderate or severe BPD 2.14 1.17, 3.90 0.01

Z-score of FOC at discharge 0.69 0.53, 0.89 0.004

(d) Motor score <70 (n= 25 among 273)

Severe IVH 8.36 3.25, 21.45 <0.001

Severe ROP 2.93 1.11, 7.75 0.03

Other variables did not reach significance.

BPD bronchopulmonary dysplasia, IVH intraventricular hemorrhage, ROP retinopathy of prematurity.
aArea under the curve: 0.66. Stepwise forward logistic regression analysis (p < 0.05 in, p < 0.10 out) adjusted
to yield a final model with non-significant Hosmer–Lemeshow test, non-significant collinearity diagnostics
and maximum 1 variable per 10 infants with the outcome of interest [low Bayley score]). Variables that were
considered for inclusion in each model included Epoch, maternal education level, race/ethnicity, antenatal
steroids, multiple birth, gestational age, birthweight Z-score, sex, moderate/severe BPD, severe IVH,
periventricular leukomalacia, necrotizing enterocolitis, severe ROP, use of human milk at discharge, Z-scores
of weight, length, BMI, and FOC at discharge, changes in weight, length, and FOC Z-scores from birth to
discharge, language (Spanish, English or other) and adjusted age at neurodevelopmental testing. Variables
with significant collinearity diagnostics included Z-scores of weight, length, and BMI at discharge and
change in Z-scores of length and FOC from birth to discharge.
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Discussion

Previous studies of preterm VLBW infants born at Parkland
Hospital had shown disproportionate weight-for-length
growth in infancy and high frequency of obesity and high
systolic blood pressure at 10–13 years of age. Implementation
of a QI project that reduced weight-for-length disproportion at
NICU discharge among preterm infants <29 weeks GA was
not associated with any significant change in the frequency of
low cognitive Bayley scores or in median cognitive scores.
The primary outcome, i.e., the adjusted odds of low compo-
site cognitive score, was positively associated with severe
IVH and moderate or severe BPD and negatively associated
with the use HM at discharge, but unchanged with Epoch.
Several secondary analyses should be considered as
exploratory because of insufficient power and lack of
adjustment of p values for multiple comparisons; these
include lower language scores and higher motor scores in
Epoch-2 than in Epoch-1. Thus, these data suggest there is no
evidence of neurodevelopmental benefit to excessive weight
gain that results in disproportionate growth in very preterm
infants during their NICU hospitalization.

In our study, use of HM at discharge was associated with
improved cognitive, language, and motor Bayley scores.
HM is considered the gold standard source of nutrition for
preterm infants, and there are both short- and long-term
benefits known to be associated with its use, including

decreased rates of NEC, late-onset sepsis, and ROP, fewer
re-hospitalizations in the first year of life, and improved
neurodevelopmental outcomes [35, 36]. Notably, the
“breastfeeding paradox” was identified in an observational
study of ~3000 infants, which demonstrated that very pre-
term infants who were breastfeeding at the time of NICU
discharge had, in comparison with those who were not
breastfeeding at discharge, an increased risk of a having a
decrease in weight Z-score by more than one unit from birth
to discharge [16]. However, breastfeeding at discharge was
associated with a decreased risk for suboptimal neurode-
velopmental assessment at 2 or 5 years adjusted age and an
increased risk of having a higher FOC Z-score at follow-up
[16]. Length and weight-for-length were not provided in
that study. Patra et al. observed a dose-dependent positive
association between in-hospital HM intake in VLBW
infants and their cognitive outcomes at 20 months corrected
age [37]. Although a significantly greater number of infants
were discharged home with HM feedings in Epoch-1 in our
study, the cognitive Bayley scores did not differ between
the two Epochs.

In our study there also was no association between
cognitive Bayley scores and the change in weight Z-score
from birth to discharge from the NICU; this is in agreement
with a recent review of the literature [38]. An association of
worse neurodevelopment with disproportionate growth
defined by high BMI Z-scores at discharge was reported in a

Table 5 Multivariate linear
regression of Bayley scores
occurring at 18–41 months
follow-up in infants included in
Epochs-1 and -2.

Factor Beta coefficient per
unit of Bayley score

95% confidence interval p value

(a) Cognitive score (n= 273)

Human milk at discharge 3.61 1.00, 6.21 0.007

Severe IVH −7.63 −12.06, −3.20 0.001

Moderate or severe BPD −3.44 −6.48, −0.40 0.03

(b) Language score (n= 271)

Male vs. female −5.95 −8.89, −3.00 <0.001

Interaction between Epoch and race/ethnicity – – <0.001

Human milk at discharge 6.10 3.13, 9.07 <0.001

Severe ROP −6.82 −10.91, −2.73 0.001

Adjusted age at testing (by month) 7.26 0.33, 1.12 <0.001

(c) Motor score (n= 269)

Epoch-2 vs. Epoch-1 4.43 1.57, 7.29 0.002

Human milk at discharge 4.68 1.84, 7.52 0.001

Severe IVH −11.20 −17.38, −5.01 <0.001

FOC Z-score at discharge 2.89 1.51, 4.26 <0.001

Generalized linear model including variables that reached significance in a backward stepwise analysis
limited to maximum 1 variable per 10 infants and to non-significant collinearity diagnostics. Variables that
were considered for inclusion in each model included Epoch, maternal education level, race/
ethnicity, antenatal steroids, multiple birth, gestational age, birthweight Z-score, sex, moderate/severe
BPD, severe IVH, periventricular leukomalacia, necrotizing enterocolitis, severe ROP, human milk at
discharge, Z-scores of weight, length, BMI, and FOC at discharge, changes in weight, length, and FOC Z-
scores from birth to discharge., language (Spanish, English or other) and adjusted age at testing. Variables
with significant collinearity diagnostics included Z-scores of weight, length, and BMI at discharge and
change in Z-scores of length and FOC from birth to discharge.

BPD bronchopulmonary dysplasia, IVH intraventricular hemorrhage, ROP retinopathy of prematurity.
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large observational study in extremely preterm infants with
poor linear growth [14]. In addition, we observed an asso-
ciation between increasing the Z-score of FOC at discharge
and improved motor Bayley scores. Similarly, the associa-
tion of neurodevelopment with FOC growth in the
NICU and after discharge has been reported in several
studies [16–19]. An association between neurodevelopment
and linear growth has also been reported by several inves-
tigators [14, 15, 39, 40]. In summary, our observations are
in agreement with the literature that there is an association
of neurodevelopment with head growth rather than weight
gain in the NICU.

Strengths of this QI project include the fact that it
involved a nutritional intervention and was not simply an
observational study. Multivariate analyses allowed us to
study changes in neurodevelopment in association with
changes in weight gain independently of severity of illness.
Lack of change in cognitive scores with Epoch was shown
both in unadjusted analyses and adjusted dichotomous and
continuous analyses. Moreover, it included accurate serial
length measurements in the prospective arm (Epoch-2),
thereby allowing us to identify infants with abnormal growth
patterns in weight, length, and weight-for-length proportion.
This, in turn, allowed us to measure specific serum nutrients
in infants who demonstrated abnormal growth in three
parameters and thus, to identify deficiencies that are malle-
able to appropriate protein and micronutrient supplementa-
tion. Emerging evidence suggests that very preterm infants
are at increased risk for micronutrient deficiency, including
zinc, and that zinc supplementation can improve FOC
growth, brain growth, and neurodevelopment [23, 41].

Since this study had a quasi-experimental design, asso-
ciations rather than cause-and-effect relationships were
analyzed, with multivariate analyses to adjust for covariates.
Infants who had Bayley-III scores had lower GA and were
smaller at birth and discharge than those who were not
tested. This difference might have caused a selection bias,
thereby impacting the frequency of low Bayley scores in
this study. Further limitations include the partially retro-
spective component of the project and lack of data on body
composition of infants at time of NICU discharge and
follow-up. Lack of accurate birth lengths in most infants in
Epoch-1 limited our ability to accurately compare changes
in length Z-scores from birth to discharge between the two
Epochs. Several secondary analyses should be considered as
exploratory because of insufficient power and lack of
adjustment of p values for multiple comparisons. The
sample size was too small to determine whether there was
an interaction between changes in language scores, race/
ethnicity, primary language spoken at home and bilingual-
ism; this effect was tentatively minimized by the fact that
the Bayley examiner was fluent in English and Spanish,
which were the most frequent languages.

In summary, we describe Bayley-III scores in infants
born 230/7–286/7 weeks GA who participated in a QI project
designed to decrease weight-for-length disproportion at
NICU discharge without affecting discharge length and
head circumference Z-scores. Infants born in the Epoch-2
showed, compared to those born in Epoch-1, clinically
similar cognitive, but lower language and higher motor
neurodevelopmental outcomes at 18–41 months adjusted
age on bivariate analyses. Thus, there is no evidence of
neurodevelopmental benefit to excessive weight gain that
results in disproportionate growth in very preterm infants
during their NICU hospitalization. At present, we continue
to follow these infants in order to evaluate the expression of
various components of metabolic syndrome since we ori-
ginally hypothesized that infants with decreased BMI and
weight-for-length disproportion at NICU discharge might
have a decreased incidence of obesity, hypertension, and
elevated serum adipokines at long-term follow-up.

Data availability

The datasets generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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