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Objective To test a transactional model of sleep—wake development in infants born preterm or low
birthweight (PT LBW), which may inform clinical practice, interventions, and future research in this at risk
population. Methods One hundred and twenty-eight mother—infant dyads participated from hospital
discharge to 4 months postterm. Assessments of prematurity, infant sleep—wake patterns, maternal interaction
quality, depression, feeding route, and sociodemographic factors were conducted. Results Path analyses
revealed that maternal interactions directly related to infant sleep patterns and family sociodemographic risks
related to less optimal parenting. In addition, bottle fed infants experienced fewer night wakings and more
nighttime sleep. Conclusions Two potential pathways to sleep patterns in PT LBW infants were identified.
The findings suggest directions for clinical work, such as supporting healthy infant sleep through parenting
interventions or supporting interpersonal relations between parents and their PT LBW infants by encouraging
more daytime naps. Additionally, clinicians should assess parents’ nighttime sleep concerns within the larger

sociodemographic and feeding context.
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The transition from parent-led coregulation to indepen-
dent self-regulation in early childhood is a crucial process
in development (Kochanska, Coy, & Murray, 2001), and
sleep is one of the first coregulatory behaviors that infants
practice with parents. Through gradual scaffolding, sensi-
tive responding, and limit setting, parents may promote
positive sleep patterns in their children (Mindell &
Owens, 2003). Using a transactional model that implicates
parenting interactions as a key predictor of sleep develop-
ment (Goodlin-Jones, Burnham, & Anders, 2000), this
study examined early sleep regulation in a sample of
infants who experience increased risk for regulatory diffi-
culties, developmental delays, and relational problems
(Vergara & Bigsby, 2004): Infants born preterm (<37
weeks gestation) or low birthweight (<2500 g). By increas-
ing our understanding of the mechanisms through which
healthy sleep—wake cycles develop, practitioners and
researchers may assist parents to promote optimal
sleep development in their preterm or low birthweight
(PT LBW) infants. Healthy sleep patterns are essential
for normal growth across several domains including

emotion regulation, learning, memory, and immune func-
tion (Davis, Parker & Montgomery, 2004). Although
contextual factors like parent—child relations and family
sociodemographic risks are recognized as central factors
in development (National Research Council and Institute
of Medicine, 2000), they are not regularly included in
studies of sleep, especially in sleep research conducted
with PT LBW infants.

Goodlin-Jones and colleagues’ (2000) transactional
model of sleep—wake development implicates contextual
and individual characteristics as well as parenting interac-
tions in the development of sleep. Within their model,
dynamic processes occur between distal factors and more
immediate or proximal factors over time, as each factor
influences the development of infant sleep—wake regula-
tion and later sleep problems. This model also claims
that regulation of infant sleep—wake states is mediated
through parent—infant interactions. In the present study,
we applied this transactional model to sleep in PT
LBW infants, focusing on the variables of family
sociodemographic risks, maternal depressive symptoms,
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Figure 1. Transactional model of infant sleep-wake development (adapted from Goodlin-Jones et al., 2000).

infant prematurity, infant feeding route, and parenting
interactions (Figure 1).

PT LBW Infant Sleep and Parenting
Interactions

Early in development, PT LBW infants engage in longer,
lighter and more active sleep than infants born at term
(Vergara & Bigsby, 2004). As PT LBW infants develop,
their sleep patterns gradually begin to resemble the sleep
patterns of full-term infants, although their sleep tends to
be more variable and is not as consistent across the first
year of life (Anders & Keener, 1985). However, factors
associated with sleep in PT LBW infants, including the
contributions of parent—child interaction quality, are
understudied. Parenting interactions may be particularly
important for PT LBW infants because they do not show
the range of joint attention and interactional skills seen in
full-terms (Barnard, Bee, & Hammond, 1984; Landry,
1995). PT LBW infants are less able to provide clear
distress signals and are more easily stressed and over-
stimulated than full-term infants (e.g., Feldman, 2006).
These difficulties may contribute to less optimal parenting,
which may in turn contribute to PT LBW infant sleep
development. Difficulties in sleep-wake regulation are
associated with a host of negative developmental out-
comes, including serious behavior problems, academic
difficulties, and metabolic and cardiovascular problems
(Mindell et al., 2003).

Several studies of full-term infant sleep have indicated
that less optimal infant—parent interactions are associated
with night waking and sleep onset problems (Anders,
1994; Benoit, Zeanah, Boucher, & Minde, 1992; Mindell
& Owens, 2003; Scher, 2001). Some of these studies have
found that overly attentive or inconsistent parenting behav-
iors are associated with problems in sleep onset and night
waking (Anders, 1994; Mindell & Owens, 2003). Although
sleep research with full-terms has shifted from an exclusive
focus on infant physiologic or maturational development
toward the inclusion of parenting behaviors, this trend has
not yet emerged in sleep studies of PT LBW infants. To
address this gap, we hypothesized that parenting interac-
tions characterized by more sensitivity, positive affect, and
less intrusiveness and hostility would directly relate to
more optimal sleep in PT LBW infants. Consistent with
the proposed transactional model, we expected individual
and contextual factors to relate to infant sleep indirectly, as
mediated by parenting quality.

Feeding Route

Studies assessing infant sleep via maternal report sleep logs
or diaries have found more night waking and less nighttime
sleep among breastfed infants when compared to bottlefed
infants (DeLeon & Hildebrandt Karraker, 2007; Thomas,
2000). In a study of 41 healthy 9-month-old infants,
Deleon and Hildebrandt Karraker (2007) reported that
breastfed infants spent more time awake at night (e,
more night waking and less nighttime sleep). Wolke
etal.’s (1995) study of sleep in 4,427 infants born preterm



and full-term reported that breastfeeding was the most
robust predictor of night waking. Researchers have
hypothesized that breastfed infants are awake more at
night because of shorter hunger—satiety cycles.

The findings linking feeding route and infant sleep
paint a slightly contradictory picture for scholars who
study parent—child relations and infant development
because mothers who breastfeed report greater feelings of
closeness and engage in more sensitive and responsive
interactions with their infants compared to mothers who
bottlefeed (Mckee, Jankowski, & Zayas, 2004; Riordan,
2005), and breastfeeding is associated with a host of posi-
tive outcomes for infants and mothers (e.g., Evenhouse &
Reily, 2005). Thus, we hypothesized that breastfeeding
would (a) directly relate to more night waking and less
nighttime sleep within the positive context of breastfeeding
and (b) indirectly relate to more optimal infant sleep via
positive parent—child interactions.

Individual and Contextual Factors

Several studies have documented links between elevated
maternal depression and less optimal infant sleep
(Dennis & Ross, 2005; Hiscock & Wake, 2002). For exam-
ple, in a community survey of 738 mothers, Hiscock and
Wake (2002) reported that the most robust correlate of
infant sleep problems was maternal depressive symptoms.
Despite these findings, processes linking maternal depres-
sion and infant sleep are unclear. In the transactional
model of sleep regulation, parenting interactions are a
proposed mediating mechanism through which maternal
depression relates to infant sleep.

An extensive body of research has documented asso-
ciations between elevated maternal depression and proble-
matic parent—child interactions (e.g., Edhborg, Lundh,
Seimyr, & Widstrom, 2003). Although few studies have
tested a mediation model even with full-term infants,
Harnish and associates (1995) found that parenting quality
partially mediated the relation between maternal depres-
sive symptoms and behavior problems in school age chil-
dren. In addition, the NICHD Early Child Care Research
Network (1999) found some support for their model
focusing on maternal sensitivity as a mediator of the rela-
tion between maternal depression and children’s out-
comes. However, none of these studies examined infant
sleep as an outcome, particularly in PT LBW infants.

The transactional model also highlights the potential
importance of more distal factors such as family socio-
economic status (SES) for infant sleep. Several studies
have documented less optimal sleep in lower SES
families (e.g., Field, Diego, & Hernansez-Reif, 2002;
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McLaughlin-Crabtree et al., 2005). However, Bayer and
associates (2007) found no association between family
SES and infant sleep problems between 3 and 6 months
of age. Although the role of family sociodemographic
factors in infant sleep—wake regulation is unclear, espe-
cially in PT LBW infants, we expected these factors to
relate to infant sleep indirectly (i.e., as mediated by parent-
ing interactions). Because fewer SES resources are asso-
ciated with elevated risk for maternal depression (Belle,
1990), preterm birth (Luo, Wilkins, & Kramer, 2000),
less optimal parenting (Smith, Landry, & Swank, 2000),
and bottlefeeding (Heck, Braveman, Cubbin, Chavez, &
Kiely, 2006), we expected more family sociodemographic
risks to relate to less optimal infant sleep as mediated via
these variables.

Research Questions

Our primary research question was whether our data sup-
ported the transactional model of sleep development
(Figure 1) in PT LBW infants regarding the sleep outcomes
of daytime sleep, naps, nighttime sleep, night waking, and
diurnal sleep consolidation. Within the transactional
model, we hypothesized direct associations and several
mediated relationships. Consistent with the recommenda-
tions of Holmbeck (2002), we considered mediation an
indirect association wherein variable A must be associated
with variable C, and the mediator (variable B) must be
association with A and C and account for a significant
portion of the association between A and C. We hypothe-
sized that the distal factor of SES risk would relate to the
proximal factors of infant prematurity, maternal depressive
symptoms, feeding route, and less optimal parenting inter-
actions. We expected that elevated SES risk would be asso-
ciated with more prematurity, elevated maternal depressive
symptoms, bottle feeding, and less optimal parenting.
Additionally, we hypothesized that infants born at lower
birthweights and younger gestational ages, infants of
mothers with more depressive symptoms, and infants
who were bottlefed would experience less optimal parent-
ing interactions. We expected that the most proximal
factor (parenting interactions) would directly predict
infant sleep. Specifically, we expected that parenting inter-
actions characterized by sensitivity, positive affect, and less
intrusiveness and hostility would be associated with more
optimal infant sleep-wake regulation and that parenting
would mediate the association between infant sleep and
infant prematurity, maternal depression, and sociodemo-
graphic risks. We also expected that infants who were
breastfed at night would exhibit more night waking but
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would also experience more positive parent—child

interactions.

Methods
Participants

Data were collected from 164 families recruited from three
Wisconsin neonatal intensive care units as part of a larger
longitudinal study. A research nurse from each hospital
followed IRB approved procedures of informed consent if
they met the following criteria: (a) infants were born less
than 35 weeks gestation or weighed less than 2500 g at
birth, (b) infants had no known congenital malformations
or prenatal drug exposures, (c) mothers were at least 17
years of age, (c) mothers could read English, and (d)
mothers self-identified as the child’s primary caregiver.
Because the hospitals would not allow us to be ‘first con-
tact’ for families and they only provided us with informa-
tion about families who signed consent forms for the
study, we were unable to calculate a participation rate or
ascertain other population descriptive statistics from each
hospital (e.g., ethnicity). However, participant family char-
acteristics paralleled the population of Wisconsin in edu-
cation and poverty, although participant families were
more racially diverse. For example, during our data collec-
tion period (from 2002 to 2004), 25% of adults had a
bachelors degree in Wisconsin (US Census Bureau, n.d.).
In our study, approximately 28% had a bachelors degree.
In Wisconsin, families living in poverty during the same
time frame ranged from 10% to 14%, and in our study
16% families reported incomes in the poverty range.
State-wide estimates of ethnicities in Wisconsin were
Caucasian (88%), African American (6%), Asian (2%),
and more than one ethnicity (1-2%). Our sample was
slightly more diverse with 95 (74%) Caucasian, 9 (7%)
African American, 2 (1.6%) Latino, 1 (0.8%) Asian,
and 21(16.5%) infants with more than one ethnicity.
Additional infant descriptive statistics are provided in
Table L.

From hospital discharge to 4 months postterm (cor-
rected for gestational age), 17 (10.2%) families could not
be located or dropped out of the study, and 17 (11.6%)
families did not return their sleep logs. An additional two
families returned data that was deemed invalid, resulting in
a final sample of 128 families. Attrition analyses revealed
that families who could not be located or who dropped out
of the study reported more sociodemographic risks at hos-
pital discharge (i.e., unemployed, not married or living with
a spouse, younger, non-white, and less educated). Missing
data analyses revealed that families who did not complete all
of the forms were more likely to be unmarried, non-white,

Table I. Sample Demographic Descriptive Statistics (n = 128)

M or SD or
Variable Range Frequency  percentage
Gender (female) 61 68%
Multiple birth (% yes) 26 20%
Birthweight (g) 564-3328 1760 605
LBW 70 55%
VLBW 23 18%
ELBW 22 17%
Appropriateness of weight
LGA 6 5%
AGA 106 83%
SGA 16 12%
Gestational age (weeks) 23.71-37.14 31.53 3.20
>36 5 4%
<36-34 36 28%
<34-30 50 39%
<30-26 28 22%
<26-23 9 7%
Apgar 1 min 1-9 5.86 2.04
Apgar 5 min 2-10 7.97 1.41

LBW: low birth weight, <2500 g; VLBW: very low birth weight, < 1500 g; ELBW:
extremely low birth weight, <1000 g; LGA: large for gestational age; AGA: appro-
priate for gestational age; SGA: small for gestational age; Infants born preterm are
born before 37 weeks gestation and infants considered low birthweight weigh less
than 2500 g at birth regardless of their gestational age. Therefore, in this study
infants may be only preterm, only low birthweight or both.

received public assistance, completed less education, and
tended to be more depressed. Thus, our analyses focus on
families who were slightly more advantaged.

Procedure

Multiple methods were used to collect data at the infant’s
hospital discharge and at 4 months postterm. Infant birth-
weight and gestational age were collected from hospital
records. When infants were 4 months postterm, additional
data were collected during home visits. Mothers completed
a demographic questionnaire, depression scale, and infant
sleep log. Additionally, they participated in an interview
and a play session. Mothers were asked to “‘play with
your infant as you would normally at home” and dyads
were videotaped during this 15-min interaction. At the end
of the visit, mothers were paid $25 for their participation
and infants were given a board book. Mothers were
instructed to complete the infant sleep log for a minimum
of three consecutive 24 h periods and then return the log in
a post-paid envelope.

Materials

Sleep Parameters
Infant sleep parameters were generated via maternal report
sleep logs. Sleep logs instructed mothers to shade in the



times that their infants slept for a minimum of three con-
secutive 24-h periods (in 30-min intervals). Previous
research has established this measure’s reliability, with
90% agreement between parental reports and video mon-
itoring and a .70 (p <.01) correlation between infant sleep
patterns and infant sleep log reports (Elias, Nicolson, Bora,
& Johnson, 1986). Infant sleep log data were used to
calculate five sleep indices: number of infant night wakings
that required parental assistance from 7 pm to 7 am, night-
time sleep duration, diurnal sleep consolidation (percen-
tage of total sleep that took place at night), number of
daytime naps, and daytime sleep duration. Infant night-
time sleep was defined as starting after 7 pm and daytime
sleep was defined as starting after 7 am. In the present
sample, most infants signaled for their parents once per
night at 4 months postterm (M = 0.87; SD =0.85). Infant
nighttime sleep ranged from 368 to 710 minutes
(M =577min; SD=74) and diurnal sleep consolidation
ranged from 49% to 100% (M =71%; SD=0.08). One
infant did not nap; therefore, infant daytime sleep ranged
from 0 to 430min (M =232min; SD=79) and naps
ranged from 0 to 4.5 (M =2.75; SD = .83).

Parenting Interactions
The first 5min of each play interaction was coded using
the parenting variables of the Parent Child Early Relational
Assessment (PCERA; Clark, 1985). The PCERA is a coding
system designed to assess dyads on 65 (29 parent, 28
infant, and 8 dyadic) interaction quality variables. Each
variable is coded on a scale ranging from one (negative
relational quality) to five (positive relational quality). The
variables focus on the frequency, duration, and intensity of
affect and behavioral characteristics in an attempt to assess
the interactional strengths and limitations of the parent,
child, and dyad. Coders completed a PCERA training work-
shop with Dr Roseanne Clark or a master coder and con-
tinued training until 80% inter-coder agreement was
achieved. Additionally, 10% of all tapes were coded by
two independent coders with 94% within-one agreement
across items.

For the present study, the 28 PCERA parent items
were subjected to principal components analysis with
a promax rotation. Using a .50 cutoff, a three factor

solution emerged. We labeled the factors: Anger,
Hostility, and Criticism (nine items; M =30.64;
SD=3.58; a=.82); Sensitivity, Connectedness, and

Communication (19 M=67.85; SD=10.14;
o=.94); and Intrusiveness and Unpredictability (four
items; M=1637; SD=2.69; o=.84). Three
loaded on both the hostility and sensitivity factors G.e.,
positive affect, depressed mood, enthusiasm) and two

items;

items
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items loaded on both the sensitivity and intrusiveness fac-
tors (i.e., sensitivity, consistency). Correlations between
factors ranged from 0.40 to 0.64; however, substantive
analysis revealed distinct parenting behaviors across fac-
tors. Higher scores reflected more positive parenting.

Feeding Route

At 4 months postterm, mothers completed a brief interview
focusing on their infant’s sleep routines and nighttime
feeding route. Within this sample, 24 (19%) infants were
breastfed and 105 infants were bottlefed at night. The
breast feeding rates in this subsample are slightly lower
than national estimates across all infants. According to
the Center for Disease Control National Immunization
Survey (CDC NIS) infants born between 2002 and 2004
(the data collection period of this study) 24-49% were
exclusively or partially breast fed at 4 months of age
(CDC NIS, 2008). However, the CDC NIS does not
break down breast feeding rates by gestational age. Thus,
given the high-risk nature of this sample, a lower breast
feeding rate was expected. For example, Colaizy and
Morriss’ (2008) study reported breast feeding at 4 weeks
in only 47-50% of NICU-admitted infants which is con-
siderably lower than national estimates (62—-67%) of breast
feeding at 1 month (CDC NIS, 2008). Therefore, the breast
feeding rate in this study likely reflects the high-risk nature
of this sample. For all analyses, breast feeding was coded
(1) and bottle feeding (0).

Infant Prematurity

Infant medical records were reviewed to collect infant pre-
maturity data. Because infant birthweight and gestational
age were highly correlated (r=0.88, p <.01), we standar-
dized and summed them to generate an index of infant
prematurity. Our infant prematurity index ranged from
—4.39 to 3.90 with an average of .12 (SD =1.98) with
higher scores representing more prematurity. Within this
study infant prematurity is used as a proxy for medical
risks and complications. Infants born earlier and-or who
weigh less generally have more medical complications and
longer NICU stays (Kilbride, Thorstad, & Daily, 2004;
Vergara & Bigsby, 2004).

Maternal Depressive Symptoms

Maternal depressive symptoms at 4 months postterm were
assessed using the Center for Epidemiological Studies—
Depression Scale (CESD; Radloff, 1977). This scale con-
tains 20 statements which represent depressive symptoms
across seven main areas including sleep disturbance, appe-
tite, psychomotor retardation, hopelessness, helplessness,

guilt, and depressed mood. Previous studies have
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established reasonable internal consistency, test-retest
reliability and concurrent validity in the CESD (Katz,
Shaw, Vallis, & Kaiser, 1995; Radloff, 1977). In the pre-
sent study, CESD scores ranged from 0 to 28, with a mean
of 8.43 (SD =6.83). Cronbach’s alpha was .85. Twenty-
three (18%) mothers scored 16 or higher, indicating an
increased likelihood of clinical depression.

Maternal Sociodemographic Risks

Mothers completed a demographic questionnaire when
their infants were 4 months postterm that included infor-
mation about maternal age, maternal education, and family
income. Because maternal age, education and income
were highly correlated, these variables were standardized
and summed to generate a sociodemographic risk index.
Scores were normally distributed and ranged from —5.78
to 6.53 (M =0.04; SD =2.43) with a Cronbach’s alpha of
.74. Lower scores reflected more sociodemographic risk.

Results
Model Specification

The transactional model of infant sleep development was
assessed with Mplus version 5 for each sleep outcome and
PCERA parenting factor. Each model was specified, inden-
tified, and tested for assumption violations prior to model
and path estimation and interpretation.

Model Identification

Before completing analyses, model identification steps
were performed to confirm that each model was overiden-
tified. Within our specified models, there were five exogen-
ous variables (i.e., maternal depression, infant prematurity,
feeding route, parenting quality, infant sleep parameter)
and one endogenous variable (i.e., family sociodemo-
graphic factors) for a total of six observed variables (k).
When this number was plugged into the “‘counting rule”
equation (k*(k 4 1)/2), it was apparent that this model had
21 known elements (Kaplan, 2008). Each specified model
had a total of 15 estimates, and with 21 known elements,
our model was left with six degrees of freedom. Models
with more than zero degrees of freedom are considered
overidentified; therefore, our model was overidentified.

Data Screening

The specified parameters were estimated using a Maximum
Likelihood (ML) estimation procedure within Mplus. To
confirm that the assumptions of ML were not violated,
each variable was assessed for multicollinearity and multi-
variate normality using SPSS version 15. All variables had
acceptable intercorrelations. One variable, night waking,

did not follow a normal distribution. To account for the
potential bias, each model containing night waking was
run using Maximum Likelihood Robust (MLR) procedures.
MLR is an estimation procedure that is not as sensitive to
violations of non-normality.

Model and Parameter Estimation

To assess the overall model fit, three indices were assessed,
including: chi-square (x*), root mean square error of
approximation (RMSEA), and the comparative fit index
(CFI). The x* index is a model of misspecification; there-
fore, a significant x* means the model does not fit the
sample data. Because some scholars claim that the exact
fit tested in x” is an unrealistic standard, indices of approx-
imate fit like RMSEA were also assessed (Kaplan, 2008).
RMSEA tests whether the model fits the population
approximately. In RMSEA, .00 is the best possible fit,
with higher values indicating poorer fit. Acceptable fit
within the RMSEA index is generally .05 or lower
(Browne & Cudeck, 1992), although this cutoff is debated
within the field. Within this study, the CFI compares
the specified model to a null model. The null model
posits that there are no relationships between the variables.
CFI ranges from 0 to 1, with higher values indicating better
fit. CFI values above .90 are generally interpreted as
acceptable model fit (Bagozzi & Yi, 1988). Each
interpreted model had acceptable model fit across the
x*, RMSEA and CFI fit indices. For the interpreted
models, XZ ranged from 1.18 to 9.16 (p >.05), RMSEA
ranged from 0.00 to 0.06, and CFI ranged from 1.00
to 0.94. Two models focusing on the associations
between napping and parenting hostility (x*=12.80,
p <.05; RMSEA=0.09; CFI=0.79) and intrusiveness
(x*=11.80, p <.05; RMSEA =0.09; CFI=0.84) did not
have acceptable fit and were not interpreted.

Evaluation of the parameter estimates within the spe-
cified models focusing on the association between distal
and proximal variables indicated consistent relations
between the family sociodemographic index and maternal
depressive symptoms, infant prematurity, infant feeding
route, and parenting interactions.

Parenting Interactions

Four-month infant sleep—wake parameters were associated
with maternal sensitivity (Table II), maternal anger/hostility
(Table III) and infant feeding route. For the daytime sleep
parameters, maternal sensitivity predicted the number of
naps and amount of sleep infants completed during the
day (Figure 2). Infants who experienced play interactions
marked by more sensitivity, connectedness, and commu-
nication took more naps and slept more during the day.
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Table II. PCERA Parenting Sensitivity, Connectedness, and Communication Factor: Test Statistics for Path Parameters (n =128)

Sleep parameter

Night-waking Night-time sleep Diurnal sleep consolidation Nap Daytime sleep

Sleep parameter on

Sensitivity —0.05 0.05 —2.07* 2.68%* 2.17%

Feeding route 3.26%% —1.92¢
Sensitivity on

Maternal depression —0.44 —0.47 —0.47 —0.47 —0.47

Infant prematurity —0.09 —0.10 —0.10 —0.10 —0.10

Feeding route 0.62 0.57 0.57 0.57 0.57

SES 3.64%% 3.92%% 3.92%% 3.92%* 3.92%%
Maternal depression on SES —3.33%* —3.72%% —3.72%% —3.72%% —3.72%%
Infant prematurity on SES 2.01% 1.94' 1.94 1.94 1.94'
Feeding route on SES 3.34%* 3.04%* 3.04%* 3.04%* 3.04%*
Infant prematurity and feeding route 1.48 1.39 1.39 1.39 1.39

*p<.05, **p<.01, p <.10.
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graphic

Factors 104t

Infant
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2.17
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Figure 2. Significant paths test statistics for daytime sleep duration
and PCERA parenting factor sensitivity, connectedness, and communi-
cation. Model fit indices: X* (df=5) = 1.88, p>.05, RMSEA =.00,
CFI=1.00. *p<.05, **p<.01, p<.10.

However, maternal intrusiveness and anger/hostility were
not associated with infant daytime sleep parameters (i.e.,
number of naps and amount of daytime sleep).

For night waking, mothers who engaged in more
angry, hostile, and critical interactions during play at
4 months had infants who woke more at night (Table III,
Figure 3). However, maternal sensitivity and intrusiveness
were not associated with night waking or nighttime sleep
duration.

Diurnal sleep consolidation (.e., the proportion of
sleep that occurs at night) was associated with maternal
sensitivity (Table II). When mothers engaged in more sen-
sitive play interactions, infants experienced less diurnal

sleep consolidation (i.e., the infants’ sleep was distributed
so that more sleep took place during the day and less at
night). Parental intrusiveness and hostility were not asso-
ciated with diurnal sleep consolidation.

Feeding Route

For the nighttime sleep parameters of nightwaking and
amount of nighttime sleep, infant feeding route was the
most robust predictor. Infants who were bottlefed at night
at 4 months (n=105) woke less at night and tended to
sleep more at night than infants who were breastfed at
night (n=24).

Individual and Contextual Factors

Families experiencing more sociodemographic risks (lower
maternal education, younger maternal age, and less family
income) had infants with lower birthweights and younger
gestational ages and their infants were less likely to breast-
feed at 4 months postterm. In addition, more family socio-
demographic risks were associated with higher levels of
maternal depressive symptoms and less sensitive and
more intrusive parenting. Contrary to our expectations,
however, the analyses did not reveal significant associa-
tions between parenting interactions and maternal depres-
sion, infant prematurity, or feeding route.

Although the total effects of each of the models inter-
preted were statistically significant, none of the models had
statistically significant indirect effects. For example, in the
nighttime sleep model, our results supported a direct asso-
ciation between SES and parenting sensitivity (Total Effect
TS=4.61, p<.01) but did not support our mediator
hypotheses (Indirect Effects TS =0.63, p =.53).
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Table I1l. PCERA Parenting Anger, Hostility, and Criticism Factor: Test Statistics for Path Parameters (n = 128).

Sleep parameter

Night-waking Night-time sleep Diurnal sleep consolidation Nap Daytime sleep

Sleep parameter on

Anger —3.13%* —0.32 0.02 0.12 0.21

Feeding route 3.56%% —1.87" —0.31 - -
Anger on

Maternal depression —0.34 —0.38 —0.38 —0.38 —0.38

Infant prematurity 0.42 0.41 0.41 0.41 0.41

Feeding route 1.06 1.02 1.02 1.02 1.02

SES 1.71" 1.61 1.61 1.61 1.61
Maternal depression on SES —3.33%* —3.72%% —3.72%*% —3.72%% —3.72%%
Infant prematurity on SES 2.10%% 1.94° 1.94° 1.94° 1.94°
Feeding route on SES 3.44%* 3.04%* 3.04%* 3.04%* 3.04%*
Infant prematurity and feeding route 1.48 1.39 1.39 1.39 1.39

*p <.05, **p <.01, p<.10.

Sociodemo-
graphic
Factors

Infant
Prematurity

Maternal
Depression

Feeding
Route

Angry/
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-3.13"

Figure 3. Significant paths test statistics for nighttime sleep and PCERA
parenting factor anger, hostility and criticism. Model fit indices: X*
(df=5)=3.30, p>.05, RMSEA = .00, CFI=1.00. *p<.05, **p<.01,

t

p<.10.

Discussion

Three key findings emerged, revealing partial support for
the transactional model. First, parenting interactions were
directly associated with daytime sleep (i.e., number of naps
and amount of daytime sleep) and nighttime sleep
(i.e., diurnal sleep consolidation). Second, infants who
were bottlefed at night experienced fewer night wakings
and more nighttime sleep compared to infants who were
breastfed at night. Finally, family sociodemographic risks
were associated with individual risks and less optimal par-
enting interactions. Taken together, these findings suggest
that PT LBW infants’ early sleep—wake regulation patterns

may develop through two contrasting routes: parenting
interactions and feeding method. One path leads from
less optimal parenting interactions to more night wakings
but less daytime sleep and less diurnal sleep consolidation,
whereas the other path leads from bottlefeeding to more
nighttime sleep and fewer night wakings. We discuss these
paths and their potential implications below.

Parenting Interactions

Consistent with the transactional model of sleep—wake reg-
ulation (Goodlin-Jones et al., 2000), mothers who engaged
in more angry, hostile, and critical interactions with their
PT LBW infants reported more infant night wakings. From
an attachment perspective, angry or hostile parenting inter-
actions may interfere with a child’s emerging ability to use
the parent as a secure base and safe haven (Bowlby, 1982;
Ainsworth, Blehar, Water, & Wall, 1978). Certain stimuli
may activate the child’s fear system (e.g., waking in the
dark) and increase the child’s attachment behaviors, such
as signaling to regain proximity to the attachment figure.
Infants may signal when they rouse in the night rather than
self sooth as the result of their anxiety.

Another potential mechanism that explains the asso-
ciation between angry parenting interactions and night
waking is that caregivers who experience more disrupted
sleep may feel more irritable and fatigued during the day.
This irritability may be reflected in their play interactions,
particularly with vulnerable infants who may be difficult
to engage (e.g., Vergara & Bigsby, 2004). Our use of
parental-report sleep logs support this interpretation
because mothers had to notice the infant’s nighttime sig-
naling in order to record the waking episodes. Similarly, PT
LBW infants who woke more at night may have been more
difficult interactional partners during the day because they



were tired from signaling at night, leading to increased
maternal anger and criticism. Likely the relation is bidirec-
tional, as suggested by transactional models of devel-
opment. These findings suggest that clinicians could
explore screening for angry parenting interactions in
follow up assessments of PT LBW infants, especially if
parents report a high number of infant night wakings. In
addition, future research should explore interventions that
link infant night time sleep with day time dyadic interac-
tions in high-risk infants.

We also found that PT LBW infants who experienced
play interactions characterized by more sensitivity, better
communication, and more connectedness took more naps
and slept more during the day, and their overall sleep
patterns were distributed so that relatively less sleep took
place at night and more during the day. At first glance, this
finding may seem counterintuitive because more diurnal
consolidation is often seen as ‘“‘better sleep” (i.e., linked to
the milestone of sleeping through the night). Although
circadian periodicity becomes evident at about 3 months
in full-terms (Goodlin-Jones et al., 2000), it is possible that
PT LBW infants may need more daytime sleep at 4 months
postterm in order to accommodate the level of stimulation
provided by play interactions. Perhaps high-risk infants
who nap more during the day are more relaxed and
easier to engage because their daytime sleep helps them
become more organized. Mothers who engage in sen-
sitive interactions may be more likely to read their infants’
cues and provide breaks when they are overstimulated.
Alternatively, mothers whose infants nap more during
the day may feel more rested and able to sustain their
levels of sensitivity and positive interactions with their
infants during play. Again, the relation is likely bidirec-
tional. This is the first study to apply a transactional
model to sleep in PT LBW infants and lays the ground
work for future interventions that may promote infant day-
time naps to assist with parenting this vulnerable popula-
tion. However, additional studies examining associations
between daytime sleep and PT LBW infant development
are needed.

Although parenting interactions related to sleep para-
meters in our study, they did not mediate the relation
between maternal depressive symptoms or infant prema-
turity and sleep outcomes, as the indirect paths in the
model were not statistically significant.

Feeding Route

The second path to sleep that we identified in PT LBW
infants involved associations between bottlefeeding and
more nighttime sleep and fewer night wakings, as recorded
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by parental sleep logs. We speculate that this path reflects
infant hunger—satiety cycles and that breastfed infants
signal more often at night to meet their hunger needs.
We also found that nighttime feeding route was not asso-
ciated with quality of daytime parenting, suggesting that
the hunger—satiety cycle is a different route to sleep—wake
regulation in PT LBW infants.

Although numerous studies have found links between
feeding route and night waking (Messer & Richards,
1993), little support has emerged for an association
between breast feeding and infant sleep problems. In
addition, a recent study by Doan and associates (Doan,
Gardiner, Gay, & Lee, 2007) found that parents of
healthy 3-month old infants slept more at night than
parents of formula fed or combination fed infants. For
high-risk infants, the degree of infant prematurity and
the nature of the child’s neonatal medical course are
often associated with how likely it is for infants to
breastfeed successfully (Riordan, 2005). Infants born
PT LBW must overcome metabolic and physiologic
barriers to successfully breastfeed. In addition, lower
SES mothers are more likely to bottlefeed (Heck et al.,
2006). Our findings linking more SES risks with elevated
maternal depressive symptoms, more infant prematurity,
likelihood of bottlefeeding support
previous findings in the literature. Although our sample
of bottlefed PT LBW infants slept more at night at
4 months postterm, it is unlikely that more nighttime

and increased

sleep would protect them from these contextual risks.
Consistent with transactional developmental theory
(Sameroff, 2006; Sameroff & Fiese, 2000) and empirical
findings (e.g., Liaw & Brooks-Gunn, 1994) the accumula-
tion of risks would more likely predict their developmental
outcomes.

Because of these factors, it is possible that more night-
time sleep in and of itself at 4 months postterm is not
always optimal for PT LBW infants. For clinical and
research assessments, sleep should be understood in the
context of individual, dyadic, and family factors over time,
consistent with transactional models (Goodlin-Jones et al.,
2000; Sameroff & Fiese, 2000). As we consider possible
clinical applications of these findings, it is important to
note that our data do not suggest that bottle feeding in
relation to more night time sleep is a preferable route in
PT LBW infants, as this route was associated with multiple
contextual risk factors.

Individual and Contextual Factors

Consistent associations between more family sociodemo-
graphic risks and elevated maternal depressive symptoms,
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more infant prematurity, infant bottle feeding, and parent-
ing quality emerged across our models. Higher levels of
SES risks, as indexed by less maternal education, younger
maternal age, and lower family income, were associated
with less optimal infant and maternal characteristics and
less sensitive and more intrusive parenting interactions.
Previous research has found that SES factors such as mater-
nal income and age are associated with preterm birth (e.g.,
Zarling, Hirsch, & Landry, 1988), bottlefeeding (Heck
et al.,, 2006), and maternal depression (Belle, 1990). In
addition, poverty places children at risk for preterm birth
and less optimal cognitive and social outcomes (e.g.,
Duncan, Brooks-Gunn, & Klebanov, 1994), setting a
risky stage for development in fragile PT LBW infants
(e.g., Liaw & Brooks-Gunn, 1994). Consistent with the
transactional model, family SES factors are key contextual
variables in infant development. Implications for these
findings are twofold. Clinicians working with families rais-
ing PT LBW infants need to consider the larger family and
social context, rather than focusing solely on the child’s
sleep patterns or level of prematurity. Second, future
research should continue to incorporate family contextual
variables, as they have wide ranging effects (National
Research Council and Institute of Medicine, 2000), espe-
cially for vulnerable infants.

We also found that infant prematurity was not asso-
ciated with infant sleep parameters. This finding may
reflect the restricted range of prematurity in this sample.
Previous studies reporting an association between prema-
turity and sleep have compared full-term and preterm
infants (e.g., Scher, Steppe, Dahl, Asthana, & Guthrie,
1992). However, our finding is consistent with the results
of Anders and Keener (1985) and others, suggesting that
sleep variables in preterms may be similar to full-terms of
the same postterm age. Similarly, Wolke and associates
(1995) reported gestational age was not a predictor of
night waking in preterm infants.

We also did not find an association between maternal
depressive symptoms and parenting interactions. Although
there is empirical evidence linking depression and less
optimal parenting, a growing number of studies have
found that the duration and severity of depressive symp-
toms are more important than the presence of elevated
symptoms at one point in time (e.g., Campbell & Cohn,
1997; NICHD ECRN, 1999). Additionally, the relation
between depressive symptoms and children’s sleep pat-
terns may be bidirectional, wherein early infant sleep dis-
ruptions may result in maternal fatigue and increased
vulnerability for psychological distress or depression,
which in turn may negatively affect children’s sleep

habits and other developmental processes. We are cur-
rently examining these possibilities in our longitudinal
study of high-risk infants.

Limitations

Our study has several limitations, including the use of
parental report sleep logs rather than actigraph or video-
somnography and the lack of longitudinal sleep and
parent—child interaction data. Although it is important to
document whether infants signal upon waking when
attempting to understand the role of parenting interactions
in the coregulation of sleep and the emergence of chil-
dren’s sleep problems, other methods of sleep assessment
may be more objective (Beecroft et al., 2008; Werner,
Luciano, Guyer, & Oskar, 2008). For example, the use
of actigraphy could provide more accurate information
on nighttime arousals or videosomnography could provide
more detailed information on parental actions during night
wakings. Moreover, it is critical to study these phenomena
over time to document bidirectional processes, especially
when employing a transactional model.

The breast feeding rate in our study (19%) is some-
what lower than national estimates (24-49%); therefore,
findings regarding feeding route and nighttime sleep
should be considered exploratory (CDC NIS, 2008). We
suspect that the lower rate of breast feeding in this sample
reflects the high-risk nature of PT LBW infants; alterna-
tively, it is possible that our sample included a subset of
mothers who were less likely to breast feed. Information on
sleep in breast fed PT LBW infants is extremely limited;
therefore, disseminating this information is important but
it should be interpreted with the appropriate caution.

Although our attrition rate between NICU discharge
and 4 months was relatively low for a study of high-risk
infants, attrition and missing data were more likely to
occur when families were stressed by sociodemographic
risks. Although this limits the generalizability of our
results, it may have led to an underestimate of the effects
of sociodemographic risks and indirect paths to sleep in
our study. These factors should be taken into account
when interpreting our findings.

Implications and Summary

The results of our study have implications for pediatric
psychologists and programs that attempt to support par-
ents and their PT LBW infants, particularly in the area of
sleep development. Consistent with transactional models,
our findings suggest that practitioners should attend not
only to specific sleep parameters (e.g., night waking), but
also to the family context of sleep and the sleep needs of



individual infants. For example, some PT LBW infants may
need more daytime naps to accommodate the level of sti-
mulation that they receive and thus, it may be unrealistic
to expect a fragile preterm infant to sleep through the night
at 4 months postterm. Finally, interventions that focus on
increasing parental sensitivity and decreasing anger or hos-
tility during interactions (e.g., Berlin, Ziv, Amaya-Jackson,
& Greenberg, 2005) should be examined as a means of
supporting parents and emerging sleep—wake regulation in
infants born PT LBW. Our results also highlight the need
for longitudinal studies of sleep regulation in PT LBW
infants, particularly in relation to the family context.
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