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Abstract

Objective- Low birth weight (LBW), a measure of biological
vulnerability that includes premature birth and small for
gestational age (SGA), has been repeatedly associated with
impaired infant cognitive development and reduced
maternal sensitivity. However, the research does not reveal
whether it is premature birth, SGA or both that drive the
association between LBW and maternal sensitivity or
cognitive development. This study separated these
measures of infant biological vulnerability and controlled
for related factors (maternal depression, breastfeeding,
demographic covariates) to examine the impact of LBW,
premature birth and SGA upon the association between
maternal sensitivity and cognitive development.
Methods-The sample included 6,900 infants from the Early
Childhood Longitudinal Study-Birth Cohort which utilized
birth certificate data as well as assessments (Nursing Child
Assessment Teaching Scale (NCATS) for maternal sensitivity
and the Bayley Short Form-Research Edition (BSF-R) for
infant cognitive development) when infants were 9 months
of age. Multiple linear regression was used to examine the
impact of LBW, premature birth and SGA upon concurrent
measures of maternal sensitivity and infant cognitive
development.

Results-Both LBW (Fi6450=15.33,p< .001) and SGA
(Fie450 = 5.51,p< .001) were associated with maternal
sensitivity, however, premature birth had the strongest
association (Fie4s0= 29.48,p< .001) with sensitivity.
Premature birth also had the strongest negative association
with cognitive development (Fi6450)= 390.65, p < .001), in
comparison to LBW (Fie4s0= 248.02,p < .001) or SGA
(Fie64500= 14.43,p < .001). In the final regression model,
using the strongest measure of biological vulnerability
(premature birth), maternal sensitivity (f=.171, p<.001),
remained associated with cognitive development (R2=.05,
p<.001), after adjusting for premature birth (f=-.115**%*),
breastfeeding ($=.081*** p<.001), depression (f=-.032*%),
and demographic covariates.

Conclusion- In this nationally representative sample of 9-
month-old infants, maternal sensitivity and breastfeeding
remained associated with infant cognitive development,
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after adjusting for premature birth, maternal depression
and demographic covariates. Premature birth, or shorter
gestation time, had a stronger negative association with
both maternal sensitivity and infant cognitive development
in comparison to SGA or LBW. Therefore, insufficient
gestational time, rather than adverse uterine environment,
had a greater impact on infant cognitive development in this
study. The LBW designation combines infants born
prematurely with SGA infants, potentially minimizing
differences in developmental outcomes of premature and
SGA infants.
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Introduction

Infancy is a period of rapid growth, when parents must
adjust their behaviors daily in response to their infants’
growing needs and competencies. It is also a time of
unparalleled opportunity for practitioners to support
women in their “new” roles as mothers and their
relationship with their newborns. Maternal “sensitivity”,
defined as making accurate inferences about an infant’s
physical and emotional needs and responding appropriately
12, is associated with the infant reaching developmental
milestones at an earlier age3* Maternal sensitivity is
associated with an increase in cognitive development at a
greater rate in all infants, including biologically vulnerable
infants, such as those born low birth weight (LBW) and
Small for Gestational Age (SGA) 156. The association
between maternal sensitivity and infant cognitive
development is in line with the “developmental plasticity”
theory, which postulates that infant neurological
development is malleable, and the infant’s brain transforms
in response to caregiver and environmental stimuli”8.

While maternal sensitivity advances infant’s cognitive
development, LBW, defined as birth less than 2,500 grams,
is considered a risk factor for impaired cognition®10. LBW is
a public health problem 211 due to its association with
numerous adverse cognitive development outcomes!?-14
that can be lifelong!>1¢ and include reduced educational
attainment!7.18 and diminished occupational success!516.

However, LBW is a measure of infant biological vulnerability
that conflates premature birth with small for gestational age
(SGA). The LBW designation can include 1) infants born
prematurely or SGA; 2) infants both premature and SGA; and
3) infants, in rare cases, simply constitutionally small °.
Although developmental outcomes have been examined in
LBW infants using the Early Childhood Longitudinal Study
Birth Cohort (ECLS-B) 20-23, This study, which uses the ECLS-
B data at 9-months, extends these findings by separating the
infants born prematurely from those who were SGA within
the LBW designation, allowing us to disentangle the effects
of these two overlapping but distinct biological risks.

In infants born prematurely, gestational weeks is negatively
associated with cognitive development 92425, In contrast,
cognitive development for infants born SGA, defined as less
than the tenth percentile of birthweight for gestational age,
is related to the conditions of the intrauterine environment
during gestation26. Intrauterine growth restriction (IUGR)
commonly leads to infants being born SGA, which is related
to structural alterations in the brain?’. The prognosis for
typical cognitive development is more favorable if SGA is
related to placental insufficiency or maternal malnutrition
rather than infection, genetic or metabolic disorder 1626,
Unlike infants born prematurely, SGA infants who have had
nutritional deficiency in utero may demonstrate rapid
“catch up” development if nutritional needs are met after

delivery 28.  Therefore, insufficient gestational time
(premature birth) and adverse intrauterine conditions
(SGA) can lead to entirely different developmental outcomes
242629 | 3 factor minimized by use of the LBW designation,
which combines Premature and SGA infants.

Most studies have examined the association between
maternal sensitivity and infant cognitive development in
normal birth weight samples23031, Studies which have
utilized LBW samples!22532 have two main limitations.
Firstly, since the LBW designation combines infants born
prematurely with SGA infants, the question of whether
impaired cognitive developmental outcome is associated
with insufficient gestational time, adverse intrauterine
environment, or other factors remains. Secondly, due to
small sample sizes, there has been insufficient power to
examine potentially confounding effects of other factors
associated with sensitivity, infant cognitive development or
both, such as breastfeeding33, maternal depression3* or
demographic characteristics (e.g, maternal age and

education, household income, family structure, and parity)
28,34-36,

Identifying whether the risk for poorer developmental
outcomes in LBW infants is centered insufficient gestational
time or compromised gestation can aid in individualizing
treatment strategies, yet few studies have examined
premature and SGA infants separately. Less than 20 studies
have used samples of infants born exclusively premature 37-
39 and only a handful of studies have used exclusively SGA
infants 16264043, [n these studies, the definitions of
premature birth or SGA have varied, challenging cross-study
comparison.

Aim

Using a nationally representative population-based sample,
this study aimed to examine variation in strength of the
association between maternal sensitivity and infant
cognition varied by type of biological vulnerability measure
used (LBW, premature, or SGA) during infancy. Due to
poorer prognoses for cognitive development in premature
infants, it was hypothesized that premature birth would
have the strongest negative association with both maternal
sensitivity and cognitive development, even after
controlling for confounding variables (breastfeeding,
depressive symptoms and demographics).

Methods

Participants

The Early Childhood Longitudinal Study-Birth Cohort
(ECLS-B) is a nationally representative prospective study of
factors that influence children’s development longitudinally
at 9 months, 2 years, preschool, and kindergarten,
conducted by the National Center of Educational Statistics
(NCES); the present study used the data from the 9-month
data collection. The base sample was drawn from
approximately 4 million infants born in 2001 and designed
to represent the United States population (NCES, 2005a;
NCES, 2005b). Over 14,000 infants were sampled, with
certain demographic groups (Native Americans, LBW)
strategically oversampled, yielding 10,688 participants
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(after excluding infants with mothers less than age 15, and
infants who died or adopted at birth), for a response rate of
76%.

The current study sample used data from Wave 1 (9-month)
data of singletons (n=8,850). Multiple births, infants with

congenital anomalies, and infants whose primary caregiver
was not their biological mother were excluded. The sample
was further restricted to infants with both maternal
sensitivity and infant cognitive development data, providing
a final sample of 6,900 (Figure 1).

N=10,688

ECLS-B

N=1,800

Exclude Multiple Births

Singletons

N=8,850

N=150

Exclude Congenital Anomalies

Singletons without Congenital Anomalies

8,700

N=100

Exclude non-biological mother

Biological mothers

N=8,600
E)&Llub‘lC JeLY)
Cognitive
Development data
#=400

Infants with Cognitive
Development Data

n=8

200

Exclude dyads without

n=1300

Maternal Sensitivity Data

At the time of the 9-month interview/infant assessment,
infants (51% boys) ranged from 8 to 11-months of age (M =
9.7 months) at assessment. Most mothers (71%) were living
in two-parent households. Almost half (42/2%) were first
time mothers. They ranged from 15 to 51 years of age and
came from diverse racial and ethnic backgrounds: European
American (43.9%), Latin American (18.2%), African
American (16.5%), and Asian American (13.9%). The
majority of mothers graduated from high school/obtained
their government equivalency diploma (28.7%) and/or had
some college (26.3%), and 25.5% of mothers reported to be
below the poverty level.
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Both-Maternal
Sensitivity and

Cognitive Development
Data

and
T=0,900

Procedures

The present study utilized birth certificate data, infant
assessments and parent interviews during home visits by
trained field researchers who used computer-assisted
interview techniques, when infants were approximately 9
months of age (NCES, 2005). The Institutional Review Board
considers this study exempt because data collected is part of
apublicly available datasetin which data is de-identified and
cannot be linked to individuals participating in the study.
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Measures

Maternal Sensitivity: The quality of maternal sensitivity
was measured from video-taped mother-infant dyadic
interactions engaging in a semi-structured teaching task
with their infants in the family’s home (Ex: pulling a car by a
string) as per the Nursing Child Assessment Teaching Scale
(NCATS) [76]. The NCATS uses 50 binary items (0 = not
observed, 1 = observed) that assess the quality of mother’s
sensitivity to the child’s cues, responsiveness to child’s
distress, social emotional growth fostering and cognitive
growth fostering. NCATS ratings were completed by trained
and certified coders blinded to other measures collected on
the dyads and checked for quality by University of
Washington staff, developers of the NCATS. Raters
maintained 85% agreement or greater to meet quality
standards. Adequate internal consistency was
demonstrated for the NCATS total parent scale for this
sample (oo =.72) and the full ECLS-B sample (o =.68 (NCES,
2005a). In this scale, higher scores indicate greater
maternal sensitivity.

Infant Cognitive Development: The Bayley Short Form-
Research Edition (BSF-R) Mental Scale, developed for use
with ECLS-B, was used to measure infant cognitive
development (NCES; 2005a, NCES; 2005b). It is a
standardized shortened version of the Bayley Scales of
Infant Development-Second Edition (BSID-II; Bayley, 1993)
and included a core set of 11 items at 9 months that assessed
children's cognitive and language ability such as memory,
means-end behavior, problem solving, and vocalizations and
gestures (Flanagan & West, 2004). Item response theory
(IRT) calibration and scoring were used to develop a mental
scale score. IRT true-score equating was used to put the
ECLS-B results on the same 0- to 178-point scale used by the
BSID- 11. The ECLS-B mental scale score is an estimate of the
number of items a child would have answered, with a a mean
of 100 (SD = 15); scores ranged from 32 to 131). The BSF-R
internal consistency reliability coefficient was adequate for
this sample (00=.79). The full sample c0=.80 (NCES; 2005).
Biological Vulnerability: Biological vulnerability measures
of LBW, premature birth and SGA were captured from the
birth certificate. Figure 2 shows the overlap between infants
born prematurely in normal, LBW, and very low birth weight
(VLBW) Categories.

Birthweight. Normal birth weight was defined as 2,500
grams or greater, LBW as 1,500- 2,499 grams, and VLBW as
less than 1,500 grams. Birthweight was categorized into 2
categories: normal and LBW. The LBW category includes
the VLBW infants.

Premature Birth. was defined as born prior to 37 weeks of
gestation, irrespective of birth weight. Data ranged from 0-
140 days born prematurely.

SGA. was defined as less than the tenth percentile of birth
weight (compared to population distributions of births
2000-2002 Vital Statistics) for gestational age adjusted for
plurality, race/ethnicity, and child’s sex (also captured from
the birth certificate).

Covariates. Several factors associated with sensitivity and
development were selected as covariates based on a

literature review, including (1) breastfeeding, (2) maternal
depression, (3) household income, (4) maternal
race/ethnicity, (5) maternal education, (6) family structure,
(7) maternal age and (8) parity. All information on the
covariates was ascertained from the parent interview.

Breastfeeding. Mothers were asked if they ever breastfed
their infant, how long they breastfed and whether they were
currently breastfeeding their child. Distribution of data
showed mothers largely fell into two groups: those that
breastfed for one or more months vs. those that never
breastfed. Breastfeeding was categorized as (0) Never
Breastfed or breastfed a few days (49.3%) or (1) Breastfed
1 month or longer (50.7%).

Depressive symptoms. A modified version (12 of 20 items
from the full version) of the Center for Epidemiological
Studies’ Depression Scale (CES-D)** self-report instrument
was used to evaluate depressive symptomology. The CES-D
measures absence or presence of negative thoughts,
behaviors and feelings in the past 7 days. Some example
items: how many days in the past week the respondent had
(1) poor appetite, (2) felt bothered or (3) felt lonely. Items
were rated using a 4-point Likert scale (O=rarely to 3=all or
most days). Mean substitution for missing items were
calculated and then mean scores were computed. Higher
scores correspond to greater depressive symptomology, and
a score over 4 indicates the presence of any depressive
symptomology, but not a clinical diagnosis of depression.
The scale demonstrated adequate internal consistency for
this sample with a coefficient et. of .85.

Demographic variables. Infant data was gathered from
infant birth certificates, which provided infant date of birth
and gender (1 = boy). During the mother 9-month interview
the following information was gathered: Maternal
race/ethnicity non-Hispanic White, non-Hispanic Black,
Hispanic, Asian, Other), age (15 to 51 years), educational
attainment (1= middle school, 2 = some high school, 3 = high
school graduate/GED, 4 = some college, 5 = Associate’s
degree, 6 = college degree/trade, 7 = some graduate, 8 =
Master’s degree, 9 = doctorate), and parity (1 = 1 target child
only, 2 = 2 to 3 children, including target child; 3 = 4 or more
children, including target child). Family structure (e.g., two-
parent family = 1, single parent = 0),

Data Analyses

Statistical analyses were conducted using SAS 9.4, (SAS
Institute, Cary, NC), Jackknife method. Due to ECLS-B’s
strategic over-sampling and certain exclusions (children
born to mothers under age of 15 and adopted at birth),
sample and replicate weights provided by the ECLS-B and
NCES were used to make sample data representative of the
population of biological mothers aged 15 and older, and
account for differential selection probabilities and response
patterns [75]. The ECLS-B weight of W1CO (Wave 1; 9-
month; Respondent/Child), along with 90 associated
replicate weights were used in analyses to adjust standard
errors and correct for the oversampling. As per NCES
confidentiality requirements for ECLS-B data usage,
reported numbers were rounded to the nearest 50.
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Results

There was considerable overlap among LBW, premature
and SGA infants (Figure 2), however, the study data included
1,050 infants born exclusively prematurely; and 750 infants
that were SGA. In a regression model, adjusted for

demographic covariates, examining the association between
sensitivity (f=.176***, p<.001) and cognitive development
including biological vulnerability measures of premature
birth (B=--.084***, p<.001), SGA (B=-.032** p<.01) and a
reference category (n=4700), the amount of variance
explained was 4% (R?=.041, p<.001) (Table 1).

Table 1: (Unweighted) Percentage of Premature Birth and SGA in Normal, Low and Very Low Birth Weight Categories.

BIRTH WEIGHT STATUS
Normal Birth Weight Not SGA
81% SGA
Low Birth Weight Not SGA
10% SGA
Very Low Birth Weight Not SGA
9% SGA
NBW
69.6%

Premature Birth

% Not Premature % Premature

86 7
7 0
3 38

45 14
0 73
4 23

SGA 3
6 .0%
\ LBW
o
' ! . 1%
55%
Tj Premature

Figure 2: Overlap among the LBW, premature and SGA infants (n=2,050) in whole (unweighted) sample (n=6,750).

While LBW (F1,6450 =15.33, p <.001) and SGA (F1,6450 = 5.51, p <.001) were significantly associated with maternal sensitivity,
premature birth (Fi,6450 = 29.48, p <.001) had the strongest association with lower sensitivity. LBW (Fi,6450)= 248.02, p <
.001) and SGA (F1,6450)= 14.43, p <.001) were also significantly associated with cognitive development, but premature birth
(F1,6450= 390.65, p <.001) had the strongest association with lower cognitive development scores (Table 2).

Table 2. Means, Standard Deviations, and Zero-order Correlations of All Variables of Interest.

Adsan (5D) i 2 3 4 5 [ 7 s ) i 13 1z I 4 1 lg 17 15 19
Variables
[nizternal A=e
Maternal Years of Education
Hous=hold Incoms
Black xx () - - 0.03 021 * 030~ -0.01 021 * 003 -0.06 0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -D.06 -0.06
Latinx - . = 033~ 025" 017 027" 017 000 0.08 0.08 ©08 008 008 008 0.08 0.08 008 0.08
Asian - - = 032" 007 020 = 0.00 0.11 -0.01 -0.05 005 005 -0.05 005 -0.05 -0.05 -0.05 -0.05 -0.05
Whits Oxx - = 062" 045 025" 036" 026~ -001 0.01 0.01 ©01 001 001 001 001 0.01 001 0.01
Othar 0.x =~ 039 - 028 - -0.06 0.15 -0.02 0.06 004 004 004 004 004 004 -0.04 004 004 -0.04
Nother with biclogical partner 0.00 -0.08 037+ 03% - 026" 031" 008 0.04 0.04 004 004 004 004 004 004 004 004
NMother with partner 0.00 = 021 -~ -0.04 -0.18 - -0.03 -0.05 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06
Nother without partner
Parity 0.00 0.59 0.18 0.03 0.03 €03 003 003 003 0.03 003 003 003
Maternal Sensitivity
NMaternal Depressive Symptoms 0.00 = 016 0.18 0.18 ©.18 018 018 018 0.18 0.18 0.18 0.18
Breastfesding 0.00 ¢ 020 020 €20 020 020 020 020 020 020 020

Mormal Birth Waizht (n=4380)
Low Birth Waight (n=7}

Small for Gestational Az (n=752)
Premature Birth (n=1052)
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Analyses of mean differences and effect sizes demonstrated
mothers of premature infants had lower sensitivity scores
(M=33.8, SD =4.54), cohen’s d=-.14, than those with SGA
infants (M=34.2, SD =4.51), cohen’s d=-.02. In addition,
infants born prematurely had lower cognitive scores
(M=70.84, SD =10.48), cohen’s d=-.29; than infants SGA (M
=74.45,SD =10.61), cohen’s d=-.11.

As hypothesized, premature birth had the strongest
negative association with both sensitivity and cognitive

development. In subsequent analyses, only the premature
birth measure of biological vulnerability was utilized.

In analyses examining the association of breastfeeding,
depression, and premature birth with the outcome of
maternal sensitivity, while controlling for demographic
covariates (Table 3), infant’s premature birth was negatively
associated with sensitivity (=-.035, p<.001). The
association between maternal depression and sensitivity
attenuated once breastfeeding was included in the model
(R%2=.10, p<.001).

Table 3. Means, Standard Deviations, and Zero-order Correlations of All Variables of Interest

Standardized B £ F F B F F F £ B £ g B B
Beta
Coefficient
Infant sex-male  -025% -026% 018 S027F 024 L0250 022 021 -021 -012 -012 019 019 017
Parity -0g -006 -037E= 037 -030% 0 -032 -032 -002 -002 -002 -000 000
Household Income 244=== Jo@==s 193%= 13@Ess 5ge=s 150=s= 1(2®= A03=== 103®==  103%= 101
=
Age 005 005FF QRGFE Q01 (01 (37 039 039 032 033
= %=
Race (White
Ref)
Black -007 (45FFE _Q4RFEs _Q4@sEr _(qees L047FEF _QAAFEF _(4AFEF _(44EEE
Hispanic - SL40EEE o _QdpEEE o Q1TEEE 0 (Q15FEE 0 _Q15FEE Q16%FF L 114%FF
A37E==
Asian -035%%  _Q35%F  _Q44ss  _(435es (43 (425  _(42%°
Other 003 -001 -001 001 000 00
Education 150%sx It o1l oSl T
Family Beference=Mother with biological father
Structure
Mather w 029 029 029 031
Partner
Maother no -002 001 000
Partner
Maternal Depression
Depressive Symptomelogy -024~ -020
Breastfeeding Reference=Less than 1 month
Breastfeeding more than 1 month 007 007
Premature -035%=
Birth
Model 00150025 002+ 0605 066%F  066%F 083FEE 084FEE 0§FEEE (0§ 0035 QORFEE Q0QEEE J((EEE
Summary (R) = &
Table 3: Factors associated with the outcome of sensitivity.
Standardiz | B p B B B p B B p p B B B B
ed Beta
Coefficient
Infant -025% | -.026* | - -027* - - -.022 -021 -021 -.019 -019 -.019 -019 -017
sex-male .018 .024* | .025
*
Parity - -.006 - - -.030* -032 -.032 -.002 -.002 -.002 -.000 .000
.019 .037* | .037
* *
Household 2440 | 198**F | 195 | .159%** | 159%** 159%x* 1027 103%** 103*** .103** 101
Income * oxx
Age .095*% | .095 | .089*** | .091*** 097 #** .037 .039 .039 .032 .035
*% *okk
Race
(White
Ref)
Black -007 | .045%* | -.048%* | -.048%* | -048%* | -047%* | -046*** | -046*** | -.044***
Hispanic - - 140%** -.140%** - 117%% - 115%** - 115%** - 116%** - 114%*
137%**
Asian -.035%* -.035** -.044** -043%F*% | -043** -.042%* -.042%*
Other -.003 -.001 -.001 -.001 .000 .001
Education 159%** .159%** .159%** .158%** .158%**
Family Reference=Mother with biological
Structure father
Mother w ] .029 ] .029 ] .029 | .031
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Partner

Mother no -.002 .001 .000
Partner

Maternal Depression

Depressive Symptomology -.024~ -.020
Breastfee Reference=Less than 1 month

ding

Breastfeeding more than 1 .007 .007
month

Prematur -.035%*
e Birth

Model .001** | .002%* | .002 | .060** | .066* | .066 | .083*** | 084*** .083*** .098*** .098*** .098*** .099*** .100***
Summary * * *¥k * *¥ *kk

(R?)

*p <.05; ** p<.01; ***p <.001; ~p<.10

Note: Regression models are weighted with both sample (W1CO) and replicate weights (W1C1-W1C90).

In a final model examining the association between maternal
sensitivity with infant cognitive development, (R2=.05,
p<.001), adjusted for premature birth, breastfeeding,
maternal depression and demographic covariates, maternal
sensitivity (=.171, p<.001), breastfeeding (p=.081***
p<.001), depression ($=-.032**), and premature birth (f=-
.115***) were significantly and independently associated
with infant cognitive development (Table 4). The
association between sensitivity and cognitive development

did not attenuate when breastfeeding, depression or
premature birth were included in the model.

Examination of the unstandardized coefficients for maternal
sensitivity, breastfeeding and premature birth showed that
for every additional point in sensitivity score, the average
difference in infant cognitive development score increased
by .37 points and by 1.58 points for breastfeeding with all
else held constant. For every day premature, cognitive
developmental scores decreased by 2.9 points with all else
held constant.

Standardiz | B B B B B B B B B B B B
ed Beta
Coefficient
Infantsex | - - -035% | - - - -034* | -.034* -029~ -.030 -031 -.030 (-1.031,-.108)
(male) .033* | .034* .037** | .037* | .037*
* * * *
Income .034* | .053* | .043** | .038* | .038* | .044** | .044 .011 .003 -.003 -010 (-.117,.063)
* * *
Age -.040* | - - - - -.040%* | -.055%** -.059%** -.058%** -.054*** (-129, -.040)
.039** | .039* | .039* | .040**
* *
Race (White=Reference)
Black | -.008 -.013 | -.014 | -.022 -.022 -.020 -.018 -.018 -.011 (-1.054, .411)
Hispanic -.015 | -.016 | -.017 -.017 .011 .007 -.007 -.004 (-.722,.549)
Asian -011 | -.013 -.013 -.011 -.011 -.010 -.009 (-1.968, .862)
Other -.007 -.006 -.006 -.006 -.007 -.008 (-1.916,.991)
Years of .029 .008 -.008 -.008 -.007 (-197,.126)
Education
Sensitivity
| ag2eex | a77ee | a770 | 1719+ (313,.422)
Depressive Symptoms
(No symptoms=Reference)
Depressive Symptomology -.037** -.038** -.032**(-.099, -.012)
Breastfeed (Less than 1 month=Reference)
|ing
Breastfeeding more than 1 .079%** .081***(1.135,2.111)
month
Premature Birth Days (Greater than 37 weeks
=Reference)
-115%** (-.160, -.105)
Model .001 |[.002 |.003* |.003* |.003 [.003 |.003* |.003* [.033*+ [.033** |.039%* [ .052%*
Summary kK L2 23 * %k kK kK kK
(R?)

*p <.05; **p<.01; **p <.001; ~p<.10

Note: Regression models are weighted with both sample (W1CO) and replicate weights (W1C1-W1C90).

Table 4: Factors associated with the outcome of cognitive Development.
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Conclusion

In this study, we investigated how the strength of the
association between maternal sensitivity and infant
cognitive development at 9-months was affected by three
measures of biological vulnerability, while accounting for
sociodemographic variables, breastfeeding and maternal
depression.  The most significant finding was that
premature birth, rather than SGA or LBW (a measure of
biological vulnerability, which combines infants born
prematurely with infants SGA), had the greatest negative
association with both sensitivity and cognitive development.
Though LBW, SGA, and premature birth are highly
correlated and may predict similar cognitive outcomes,
results showed that use of LBW as a measure of biological
vulnerability may minimize differences between premature
and SGA infants.

While premature birth was negatively associated with both
sensitivity and cognitive development, it did not explain
much variance in either one. This result was unexpected
given that an infant born prematurely is more likely to have
incomplete development of the amygdala, which develops
fully in the third trimester, and is thought to be responsible

for homeostatic functions, including biorhythm regulation
45,46,

Although infants born prematurely frequently have poor
emotional regulation and is hypothesized to negatively
affect maternal sensitivity 47-5, in our study demographic
factors explained more (approximately 10%) of the variance
in maternal sensitivity. This finding was in line with other
studies. A systematic review of mother-infant relationships
in infants born prematurely 5! showed that premature birth
was not associated with the quality of mother-infant
interaction. Five studies showed an equal or higher quality
of mother-infant interaction in groups of infants born
prematurely compared to full-term infants; the remaining
13 studies showed “negative differences” in maternal
interaction between mothers of premature infants in
contrast to mothers of full-term infants. However,
definitions of sensitivity varied in each of the 18 studies
reviewed. The review concluded that infants born
prematurely were not at higher risk of poorer dyadic
interaction.

Maternal sensitivity, maternal depression, and
breastfeeding were identified as factors independently and
significantly associated with advanced infant cognitive
development in this large, nationally representative study.
Interestingly, maternal depression had a negative
association with infant cognitive development but was not
associated with maternal sensitivity. This lack of association
may be related to the small percentage of mothers in the

sample who reported experiencing depressive
symptomology.
Taken together, sensitivity, breastfeeding, maternal

depression, premature birth, and demographic covariates
explained 5% of the variance in cognitive development. This
finding may seem surprising, but in fact consistent with the
concept of extreme malleability in development when
infants are less than one year of age. Future studies are

Eur ] Pedia Neon, 2023

planned to examine the impact of biological vulnerability in
later waves (e.g., 24, months, 36 months, and kindergarten)
of the ECLS-B data.

While the effects of maternal sensitivity are easier to assess
in younger infants, cognitive development measured in
infancy can vary due to assessment day/time circumstances,
even with well-designed instruments, such as the BSF-R.
Since assessments conducted when infants are less than one
year are not designed to be language-based, some cognitive
abilities are not fully captured until the infant is
approximately 24 months. The BSID/BSF-R is a global
developmental instrument and may not pick up finer deficits
or individual differences in cognitive functioning 5254
Moreover, the NCATS measure of maternal sensitivity (or
any measure of sensitivity) does not account for all
dimensions of stimulation the infant may receive from the
mother. In this study, only maternal sensitivity was
measured, but in many instances, infants receive cognitive
stimulation from other household members or childcare
providers.  Cognitive development in infancy is also
explained by genetic and environmental factors not
examined in this study.

Our main finding that premature birth, rather than SGA, has
a stronger association with impaired cognitive development
offers support for the hypothesis that gestational time
necessary for the complete development of brain structures
in utero, rather than adverse intrauterine environment,
accounts for the association between LBW and
compromised cognitive development. It is hypothesized
that when the prenatal brain is required to develop outside
of the womb, the not yet fully developed brain receives
sensory stimuli that it is not biologically prepared to receive.
The environmental stimuli potentially alters mechanisms of
brain functioning such as the myelination process, which
protects the neuron and facilitates signal conduction 55.
This, in turn, negatively affects neuronal organization,
creating disordered and less efficient nerve networks 56.

The incidence of premature births is approximately 10% in
the United States 57-60, and nearly half of these infants
demonstrate later cognitive deficits by the age of 8 years,
representing a major public health problem 6162, Between
2010 and 2012, approximately 9 percent of all births were
early elective deliveries 6364, since not all premature births
are due to problematic infant or maternal health. However,
the rate of elective preterm cesarean is declining ¢ and it is
important that parents, health care providers and policy
makers to continue to consider the impact of non-medically
indicated premature birth upon infant’s later cognitive
development.

Study Limitations

This study shares many limitations of other studies
examining cognitive development in infants, such as visit-
day circumstances biasing data measurement. Infants in
this cohort were born in 2001 and may not have had the
same interventions or hospital practices and nutrition that
are currently used in the Neonatal Intensive Care Unit
(NICU) today.
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Study Strength

The ECLS-Bis alarge nationally representative one-of-a kind
data set for which results can be generalized to the US
population. A unique feature of the cohort is the availability
of both birthweight and gestational age captured on the
birth certificate, allowing premature birth, small for
gestational age and low birth weight to be compared. Direct
child assessments to measure cognitive development
minimize biases related to mother’s recall. The use of the
validated assessments such as the NCATS, coded by trained
third party raters, the BSF-R and the CES-D, are additional
strengths of the study.

This investigation is the only one to examine three types of
infant biological vulnerability measures in association with
maternal sensitivity and cognitive development, and the
only to compare infants who are exclusively premature with
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