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Abstract

The effect of cumulative biological, psychosocial, and demographic risk and infant sleep on 

infant social-emotional functioning in 12-month-old infants (46% female) was examined in data 

from racially (30% Black, 60% White, 10% multiracial/other) and socioeconomically (41% below 

median income) diverse caregivers (N = 468, M = 30.42 years old, SD = 5.65) recruited from two 

midwestern states in 2019–2020. Due to the major changes in sleep patterns during infancy and 

the reported association between sleep and social-emotional functioning, this study also examined 

whether sleep moderates the association between risk and infant social-emotional functioning 

and potentially promotes healthy social-emotional functioning despite risk. Greater cumulative 

risk was associated with poorer sleep efficiency and more social-emotional problems, but was 

not associated with the general acquisition of social-emotional milestones. Results also suggested 

that poorer sleep efficiency was associated with more social-emotional problems and poorer 

social-emotional milestone acquisition. No significant interaction effects were found between 

cumulative risk and infant sleep. Risk and sleep appear to have unique associations with infant 
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social-emotional problems and development; thus both could be targeted in early intervention to 

promote social-emotional functioning during infancy and early childhood.
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1. Introduction

Social-emotional functioning refers to a child’s ability to experience, recognize, and regulate 

their emotions as well as engage in prosocial behaviors and cultivate positive relationships 

with others (Thompson et al., 2012). Social-emotional problems can present early in life 

and often endure through elementary school (Briggs-Gowen & Carter, 2008), adolescence 

(Pihlakoski et al., 2006; Mesman et al., 2001), even adulthood (Althoff, 2010), and there 

are a multitude of risk factors that contribute to these social-emotional difficulties. Factors 

such as parental psychopathology, lower family socioeconomic status (SES), and parenting 

stress, can place children at risk for poor social-emotional functioning (Holtmann, 2011; 

Mantymaa et al., 2012). Due to the long-lasting nature of social-emotional struggles, 

addressing early modifiable factors that promote healthy social-emotional functioning 

becomes a logical target for intervention. Despite this need to target early identification and 

intervention, little research has focused on identifying and understanding social-emotional 

problems in infancy. Major changes in sleep patterns throughout infancy as well as the 

reported association between nocturnal, uninterrupted sleep and favorable social-emotional 

functioning suggest that infant sleep may be a possible target for promoting healthy social-

emotional development and behavior (Sadeh et al., 2015; Scher et al., 2009; Tham et al., 

2017).

Sleep may moderate the observed relation between certain risk factors and social-emotional 

functioning. El-Sheikh and colleagues (2010) demonstrated that sleep moderated the 

relationship between SES and social-emotional problems in a cohort of 5th grade children, 

such that children of higher SES exhibited relatively few social-emotional problems 

regardless of their sleep efficiency while children of lower SES who had poorer sleep 

efficiency demonstrated more social-emotional problems. A similar moderating effect of 

sleep was found on the relationship between maternal education and adolescent executive 

functioning (Anderson et al., 2009) such that adolescents’ measured executive abilities were 

more contingent on their sleep in those with mothers of lower educational attainment. 

Thus, compared to children with less risk, better sleep may serve as a protective factor for 

children who experience greater risk. Research on this topic, however, is sparse and has 

not been extended to in infancy and early childhood. Furthermore, it is important to clarify 

how risk may impact the acquisition of social-emotional milestones versus the emergence 

of social-emotional problem behaviors. The current investigation extends this research 

to examine whether sleep may play a role in moderating the relationship between risk 

and social-emotional functioning in infancy. In this study, social-emotional functioning is 

operationalized as both the acquisition of social-emotional milestones and social-emotional 

problems.
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1.1. Risk and Protective Factors Related to Social-Emotional Functioning

1.1.1. Risk Factors—Throughout development, children encounter risk factors, which 

are “environmental or individual attributes that are associated with a negative developmental 

outcome” (Naglieri, 2013, p. 262). Bronfenbrenner’s bioecological model is one conceptual 

frame from which to examine the determinants of risk that may affect a child’s social-

emotional functioning (Bronfenbrenner & Morris, 1998), and includes biological (e.g., 

temperament, gestational age), psychosocial (e.g., parental psychopathology), or broader 

social-contextual factors (e.g., socioeconomic status, maternal education) (Bagner et al., 

2012; Mantymaa et al., 2012).

Within the biological domain, this study examined gestational age at birth, postnatal medical 

complications and temperamental negative affectivity as potential risk factors. Children born 

preterm experience more prenatal and perinatal complications and are at higher risk for a 

variety of developmental delays including delays social-emotional development (Glass et al., 

2017; Haller et al., 2016; Klebermass-Schrehof et al., 2012; Lee et al., 2005; Quigley et al., 

2012; Robertson et al., 1992). Negative affectivity in infancy has also been associated with 

social-emotional problems in toddlers (Gartstein et al., 2012).

Psychosocial risks such as caregiver depression, parenting stress, and stressful life 

experiences were also examined. Caregiver depression is associated with infant negative 

affect, heightened emotionality, dysregulated aggression, anxiety, attentional problems, and 

less secure attachments, among other concerns, beginning in infancy and extending through 

adolescence (Goodman & Tully, 2006). Additionally, parenting stress has been shown to 

negatively affect a child’s social-emotional functioning from infancy through school-age 

(Bayer et al., 2012; Briggs-Gowan, 1996; Mantymaa et al., 2012). Research has also shown 

that stressful life experiences are predictive of poorer social-emotional development in 

infants and preschool children (Kerker et al., 2015).

Within the demographic domain, household income, maternal education, and marital status 

were examined as risk factors. Children from single parent households (Weitzman et al., 

2014), with lower maternal education and fewer economic resources also have higher 

levels of social-emotional problems (Holtmann et al., 2011) . Marital status may provide 

information about the availability of economic or social support resources, which may 

help explain why living in a single parent household is associated with more problematic 

social-emotional functioning in infants and preschool children.

While it is important to identify risk factors that affect development, it is quite rare that 

a child will be exposed to a single risk factor in isolation. While individual risk factors 

have been identified, it is common for risk factors to overlap, such that children are 

exposed to several related factors (O’Dougherty Wright et al., 2013). Prior research has 

repeatedly demonstrated that higher cumulative biological, psychosocial, and demographic 

risk is associated with more social-emotional problems from infancy through school age 

(e.g., Clarkson Freeman, 2014; Weitzman et al., 2014).

1.1.2. Sleep as a Protective Factor?—While risk factors increase the likelihood of 

maladaptive outcomes, many children who have experienced adversity are able to adapt 
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quite well (Cicchetti & Rogosch, 1996). Therefore, it is important to identify protective 

factors, which are “environmental and individual attributes that counter the impact of risk 

and decrease the likelihood of negative outcomes” (Naglieri, 2013, p. 263). Promoting good 

quality sleep during infancy and early childhood has benefits for a variety of developmental 

outcomes, including cognitive abilities and social-emotional development (Sadeh et al., 

2015). Broadly, sleep development can be viewed in terms of consolidation and regulation. 

Throughout infancy, toddlerhood, and preschool, a child’s amount of daytime sleep 

decreases and nighttime sleep increases, consolidating into a single period of nighttime 

sleep (Sadeh, 2004). The ability to regulate back to sleep following a nighttime awakening 

develops more rapidly, with many parents reporting that their infant is sleeping through the 

night by 6 months of age (Tham et al., 2017). Additionally, children experience fewer night 

wakings with age, resulting in increased sleep efficiency, or the percentage of time in bed 

that is spent asleep (Reed & Sacco, 2016; Tham et al., 2017). Whether through more total 

time asleep or more efficient sleep, better sleep is associated with fewer social-emotional 

problems (Scharf, 2013; Sadeh et al., 2015).

1.2. The Present Study

This study sought to extend the literature on infant social-emotional functioning by 

examining the effects of cumulative risk and sleep efficiency on the acquisition social-

emotional milestones and on social-emotional problems in a sample of 9- to 12-month-old 

children. Sleep efficiency is an important indicator of sleep regulation, as it reflects a child’s 

ability to manage transitions between wakefulness and sleep both at initial sleep onset 

and after night wakings. Our first aim was to examine the effect of cumulative risk on 

infant sleep efficiency and social-emotional functioning, the latter for which we examined 

both social-emotional milestones and social-emotional problems. We hypothesized that 

children with greater cumulative risk would experience lower sleep efficiency and poorer 

social-emotional functioning. In our second aim, we sought to characterize the relation 

between infant sleep efficiency and social-emotional functioning. We expected that children 

with poorer 9-month sleep efficiency would experience poorer social-emotional functioning 

at 12 months.

Our third aim was to extend previous research regarding the protective effect of sleep on 

positive outcomes in the presence of risk to a younger population. The moderating effect 

of sleep efficiency on the relation between cumulative risk and social-emotional functioning 

was examined. We hypothesized that efficient sleep would have a protective effect on social-

emotional functioning for infants with high cumulative risk and poor sleep efficiency would 

be associated with poorer social-emotional outcomes in those same infants; conversely, in 

children with low cumulative risk, we did not expect sleep to have a large effect on their 

social-emotional outcomes. Figure 1 illustrates the proposed conceptual model of the current 

study.

While past research has examined the association between infant sleep and social-emotional 

development, to our knowledge, the directionality of this relationship has not been fully 

explored. Though our data does not allow for the exploration of directionality between 

poor sleep efficiency and elevated social-emotional problems, the repeated measures 
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methodology by which information about typical social-emotional milestones was gathered 

supported the examination of this question with the latter construct. An exploratory aim of 

the study was to assess the directionality of association between infant sleep efficiency and 

typical social-emotional development.

2. Method

2.1. Participants

The current study is part of a larger longitudinal multi-site investigation with repeated 

measures focused on the development and validation of PediaTrac v3.0™, a caregiver report, 

web-based tool to monitor and track infant and toddler development (Lajiness-O’Neill et 

al., 2018; Lajiness O’Neill et al., 2021). Participating dyads were enrolled at birth into 

a term or preterm group and followed longitudinally for 18–24 months at one of three 

sites in Michigan or Ohio. The current investigation utilized data from a subset of 468 

caregiver/infant dyads from the larger study who had completed the 12-month assessment. 

Data collection began in January 2019 and is ongoing.

2.1.1. Inclusion/Exclusion Criteria.—Term infants had a gestational age > 37 weeks, 

a minimum birth weight of 2,500 grams, and no history of prenatal or intrapartum 

complication, brain injury, neurological illness, or disease (e.g., seizures). Infants were 

excluded if they were diagnosed with neonatal abstinence syndrome or Down syndrome. 

Preterm infants were born < 37 weeks gestational age. Participating caregivers were required 

to be (a) the infant’s primary caregiver, (b) at least 18 years of age, (c) fluent in English, and 

(d) have an internet-connected device (e.g., smartphone, laptop) to complete study materials 

online.

2.1.2. Demographic Characteristics—Demographic characteristics of the current 

sample are presented in Table 1. Of the 468 caregivers included in the current sample, 98% 

were mothers and the remaining 2% were fathers. Data from Sites 1 and 2 were combined 

and compared to data from Site 3. Sites 1 and 2 were combined for two main reasons: (1) 

Site 1 (n = 181) and Site 3 (n = 209) each had over twice the number of participants of Site 

2 (n = 78), so the sample size differences that would result from comparing the three sites 

would lead to a concern in computing reliable standard errors; (2) there are no differences 

between participants from Site 1 and Site 2 on important demographic characteristics (e.g., 

infant sex, infant/caregiver race/ethnicity, household income, maternal education, marital 

status). About half of all participating infants were female, with no differences by site (p = 

.90). The majority of caregivers and infants were identified as non-Hispanic. Approximately 

half of caregivers and infants were identified as White, roughly one-third were Black, and 

the remainder were multiracial or other. Significantly more caregivers and infants at Site 1|2 

identified as Black, while significantly more caregivers and infants at Site 3 identified as 

White.

2.2. Procedures

Infant-caregiver dyads were recruited from three large metropolitan academic hospital 

systems and a community health center in the Midwest. Caregivers were either recruited 

Lobermeier et al. Page 5

Infant Behav Dev. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



at one of three sites in their last trimester of pregnancy, in the hospital soon after their 

infants’ birth, or at their infant’s first newborn visit, with consent provided after birth. 

Primary caregivers of term infants completed their first study materials soon after birth, 

whereas caregivers of preterm infants completed them soon after their infants had reached 

a postmenstrual age of 39 weeks. All subsequent data collection time points were based on 

corrected age for preterm infants.

Caregivers completed the PediaTrac™ survey at 8 time periods that correspond to well 

child visits (newborn (NB), 2, 4, 6, 9, 12, 15, and 18 months). PediaTrac queries 

multiple developmental domains, including Feeding/Eating/Elimination, Sleep, Social/

Communication/Cognition, Sensorimotor, Early Relational Health, and Social/Sensory 

Information Processing. Survey questions about demographics, as well as family and 

perinatal medical characteristics were completed during the NB period, with information 

on the family environment and infant medical status updated in all subsequent assessments. 

The PediaTrac™ survey was sent via email through REDCap and completed online (Harris 

et al., 2009; Harris et al., 2019). Participants also completed between two to six established 

developmental, behavioral, and caregiver paper-pencil questionnaires at each sampling 

period. For the purpose of this investigation, only the Brief Infant-Toddler Social-Emotional 

Assessment (BITSEA) (Briggs-Gowan & Carter, 2002), Brief Infant Sleep Questionnaire 

(BISQ) (Sadeh, 2004), Infant Behavior Questionnaire – Revised (IBQ-R-SF) (Putnam, et al., 

2014), and the Parenting Stress Index-4-Short Form (PSI-4-SF) (Abidin, 2012) were used. 

A number of strategies were employed to minimize attrition. Total attrition was 12.08%. 

Specifically, 7.36% of attrition was due to participants being lost to follow up, 4.03% was 

due to participants withdrawing from the study, and 0.70% was due to death of an infant. 

The study adhered to all ethical standards and was approved by all involved Institutional 

Review Boards. For continued discussion of study methods and procedures, please refer to 

Lajiness-O’Neill et al., 2021.

2.3. Measures

2.3.1. Assessments of Infant Sleep and Social-Emotional Functioning

2.3.1.1. Brief Infant-Toddler Social-Emotional Assessment (BITSEA).: The BITSEA 

is a 42-item questionnaire that assesses parent-reported social-emotional problems and 

social-emotional competence of 12- to 36-month-old children (Briggs-Gowan & Carter, 

2002). Each item describes a feeling or behavior the child may exhibit, and parents indicate 

whether the statement has been “not true/rarely,” “somewhat true/sometimes,” or “very true/

often” for their child in the past month (Briggs-Gowan et al., 2004). The 31-item problem 

scale was used as a measure of problematic social-emotional development at 12 months in 

the current study. Research has documented acceptable internal consistency (α = .79-.87), 

test-retest reliability (r = .65-.87), and inter-rater reliability of the problem scale (ρ = .66; r = 

.68; Briggs-Gowan et al., 2004; Hungerford et al., 2015; Karabekiroglu et al., 2010).

2.3.1.2. Brief Infant Sleep Questionnaire (BISQ) – Expanded Version.: The Brief 

Infant Sleep Questionnaire (BISQ) is a parent report questionnaire used to screen for sleep 

problems in children from birth to 36 months of age (Sadeh, 2004). Test-retest reliability of 

the BISQ ranges from .82 to .95. Research has also demonstrated convergent validity, as the 
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BISQ correlates significantly with sleep as measured by actigraphy (r = .23-.54) and daily 

sleep logs (r = .27-.83; Sadeh, 2004). The current study administered an adapted version 

of the BISQ at 9 months. Demographic questions were removed while questions regarding 

sleep patterns and sleep ecology were retained. The 22 retained items asked parents to 

consider different aspects of their infant’s sleep within the previous 2 weeks, including sleep 

patterns (e.g., How many times does your child typically wake during the night), sleeping 

arrangements (e.g., Where does your child sleep most of the time?), bedtime rituals (e.g., 

Which of the following usually occurs on most nights for your child in the hour before 

bedtime?), and parental sleep-related interventions (e.g., When your child wakes up during 

the night, what do you do?) (Sadeh et al., 2009). Information about infant sleep patterns 

from the BISQ (e.g., nighttime sleep duration, sleep onset latency, number and duration of 

night wakings) at 9 months was used to calculate an infant’s sleep efficiency in the current 

study. Sleep efficiency was operationalized as a ratio of a child’s total sleep time divided by 

the duration of the sleep episode (DSE). DSE was defined as the sum of sleep onset latency, 

total sleep time, and time awake after initial sleep onset but before the final awakening 

(Reed & Sacco, 2016).

2.3.1.3. PediaTrac™ Social/Communication/Cognition and Sleep Domains.: The 

social/communication/cognition (SCG) domain was of interest in the current investigation, 

as it assesses an infant’s response to stimulation, expression of emotion, communication, 

and acquisition of knowledge. It was examined as a measure of social-emotional 

development at 9 and 12 months (71 and 73 items at these ages, respectively), as it assesses 

the acquisition of social-emotional milestones. Caregivers read a series of questions related 

to their infant’s social-emotional development and indicated how often their child engaged 

in a particular behavior on a 5 point scale from never (1) to always (5). In the SCG 

domain, caregivers reported on their child’s eye contact, response to name, imitation of 

facial expressions and emotions, engagement in joint attention, differential responding to 

familiar caregivers compared to strangers, and their tendency to seek out and enjoy social 

interaction, among other related abilities. SCG percent of maximum possible (POMP) scores 

were calculated, which reflect the current skill level of the child compared to the maximum 

possible SCG skill level at each time period, such that higher scores indicate more developed 

social-emotional abilities. The SCG domain from PediaTrac v2.0 (Version 2.0) has shown 

good reliability via IRT modeling (0.93). Convergent and divergent validity have also been 

demonstrated with Version 2.0 (Lajiness-O’Neill, 2018). Additionally, information from the 

sleep domain of PediaTrac was utilized to calculate sleep efficiency at 9 and 12 months. 

While there are 24 total sleep items repeated at each age, only those used to calculate sleep 

efficiency in the same manner described above (total sleep time / DSE) were employed.

2.3.2. Cumulative Risk Domains

2.3.2.1. Biological.: Biological risk included an infant’s gestational age (in weeks), 

temperamental negative affectivity, and postnatal medical complications. Gestational age 

was obtained from the PediaTrac™ general medical domain. Negative affectivity was 

measured by the Infant Behavior Questionnaire – Revised, Short form (IBQ-R-SF) at 9 

months. The IBQ-R is a 191-item measure assessing infant temperament from 3 to 12 

months (Gartstein & Rothbart, 2003). The Short Form consists of 91 items. Each item 
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asks about the frequency of a behavior, which the respondent rates on a 7-point scale from 

“never” to “always.” Research indicates that the internal consistency is adequate for all 

subscales on the Short Form (α = .63 - .86), including those used in the negative affectivity 

subscale (α ranges from .72 to .80). Estimated test-retest reliability for the subscales used 

to calculate negative affectivity ranges from .65 to .82, and estimated inter-parent agreement 

on these subscales ranges from .20 to .76 (Putnam et al., 2014). The current study utilized 

the negative affectivity domain of the Short Form as a measure of infant temperament at 

9 months (25 items). This domain is composed of positive contributions from the distress 

to limitations, fear, and sadness subscales as well as a negative contribution from the 

falling reactivity subscale (Gartstein & Rothbart, 2003). Information about the following 

postnatal medical complications were obtained during eligibility screening: stroke, more 

than one seizure, neurological illness, intraventricular hemorrhage or hypoxic ischemic 

injury, bronchopulmonary dysplasia, retinopathy of prematurity, neonatal sepsis, or a 

transfer to the neonatal intensive care unit (NICU). Each infant received one point for every 

medical complication they experienced to create a sum score ranging from 0 (no medical 

complications) to 8 (every medical complication).

2.3.2.2. Psychosocial.: The psychosocial risk domain included parenting stress and 

parental depressive symptoms as well as the number of stressful life events experienced 

by the child. The Parenting Stress Index-4-Short Form (PSI-4-SF) is a 36-item parent 

self-report measure for parents of children 3 months to 12 years of age. It assesses three 

domains of parenting stress: parental distress, parent-child dysfunctional interaction, and 

difficult child (Abidin, 2012). Respondents indicate their level of agreement with each item 

on a 5-point scale of “strongly disagree” to “strongly agree.” The three domains combine 

to form a total parenting stress scale, which was utilized in the current study as a measure 

of parenting stress at 6 months. Research indicates that the total parenting stress scale has 

excellent internal consistency (α = .90-.92) and good test-retest reliability (ICC = .77-.78; r 
= .84; Abadin, 2012; Barroso et al., 2016). The Brief Symptom Inventory (BSI) is a 53-item 

self-report measure that asks about a variety of mental health symptoms (Derogatis & 

Melisaratos, 1983). Respondents are asked to indicate how often they have been distressed 

by a symptom in the past week on a 5-point scale, ranging from “not at all” to “extremely.” 

For the current study, T-scores from the depression subscale were utilized as a measure 

of parental depressive symptoms at 9 months. The depression subscale from the BSI has 

been shown to have adequate internal consistency (α = .85-.88) and test-retest reliability (r 
= .84; Adawi et al., 2019; Gerogatis & Melisaratos, 1983; Mohammadkhani et al., 2010). 

The 6- and 9-month periods, respectively, were chosen based on when these constructs 

were assessed in the larger study. Number of stressful life events was obtained from the 

PediaTrac™ general medical domain. At each time period, caregivers indicated which events 

happened in their immediate family since the previous time period: illness, break up or 

divorce, death, loss of job, loss of wages, change in living location, incarceration, alcohol 

or drug problem, violence between adults in the home, and a primary caregiver returned 

to work. Caregivers’ responses to this item from the newborn through 9-month periods 

were summed to create a variable that ranged from 0 (“no stressful life events”) to 50 (“all 

stressful life events”).
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2.3.2.3. Demographic.: Information for the demographic risk domain was obtained 

from the PediaTrac™ demographic domain at the newborn sampling period and included 

household income, maternal education, and marital status. Household income was 

characterized relative to the U.S. Department of Health and Human Services Poverty 

Guidelines (2019) and median household income in Michigan and Ohio. Dyads were 

categorized as: below poverty, below median, at/above median, at/above twice median, 

above $150,000. Level of maternal education was categorized as: some/completed high 

school, some college/trade school, college graduate, post-graduate/professional. Marital 

status was dichotomously coded as married or not married.

2.3.3. Overall Cumulative Risk Index—The overall cumulative risk index was 

calculated by dichotomizing each risk factor (0 = low risk, 1 = high risk) based on 

standardized normed cutoffs, prior research, or the distributional properties of our sample. 

The method and justification for dichotomizing each risk factor is summarized in Table 

2. The scores were then summed within each domain to create three domain specific risk 

scores that each range from 0 (no risk) to 3 (all risk factors endorsed). Finally, the scores of 

each domain were summed to create an overall cumulative risk index that ranges from 0 (no 

risk) to 9 (all risk factors endorsed).

2.4. Statistical Analysis

2.4.1. Preliminary Analyses—Statistical analyses were conducted using R (R Core 

Team, 2020). Descriptive statistics (frequencies, M, and SD) are presented for variables of 

interest, and parametric tests (t-tests or ANOVAs) were computed as appropriate to examine 

site differences. Exploratory analyses were conducted to ensure that the assumptions of 

correlation and regression were met. Missing data were handled using the mice package 

(van Buuren & Groothuis-Oudsboorn, 2011) in R to conduct multiple imputation. Multiple 

imputation was based on the variables included in the cumulative risk composite, sleep 

variables, social-emotional problems (BITSEA) and social-emotional milestones (PediaTrac 

SCG), infant sex, and data collection site. Gestational age, postnatal medical complications, 

and marital status did not have any missing data, so multiple imputation was not necessary. 

After generating 20 data sets with imputed values, correlation, regression, and cross-lag 

panel models were iteratively fit to all 20 data sets. The parameter estimates, standard errors, 

and confidence intervals reflect the pooled values. Importantly, the findings were largely the 

same when analyses were performed with pairwise deletion. Prior to multiple imputation, 

the number of missing observations were as follows: 328 participants were not missing any 

data, 82 participants were missing data on one variable, 25 participants were missing data 

on two variables, 14 participants were missing data on three variables, nine participants were 

missing data on four variables, seven participants were missing data on five variables, and 

three participants were missing data on six variables.

2.4.2. Main Analyses—Pearson r correlations were calculated to examine the relations 

between overall cumulative risk, sleep efficiency, social-emotional problems (BITSEA Total 

Problem Scale), and social-emotional development (i.e., milestone acquisition) (SCG POMP 

scores). To examine sleep as a moderator of the relationship between overall cumulative 

risk and infant social-emotional functioning, moderation analyses were conducted separately 
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for the two social-emotional functioning outcome measures (BITSEA Total Problem Scale 

scores and SCG POMP scores) as well as for the two sleep efficiency measures (BISQ 

and PediaTrac™). Predictors (sleep efficiency and cumulative risk) were mean centered 

before the creation of interaction terms and inclusion in the models. Cumulative risk, sleep 

efficiency, and covariates (infant sex and recruitment site) were entered in Step 1. The 

interaction between cumulative risk and sleep efficiency was entered in Step 2.

2.4.3. Exploratory Analyses—To address the exploratory aim of directionality, a 

cross-lagged panel analysis was conducted using SCG POMP scores and PediaTrac sleep 

efficiency from both the 9- and 12-month sampling periods. Similar analysis could not be 

completed using sleep efficiency as measured by the BISQ or social-emotional problems 

as measured by the BITSEA because these measures were only given at 9 or 12 months, 

respectively.

3. Results

3.1. Cumulative Risk Descriptive Statistics

Table 3 presents descriptive information for each cumulative risk index factor. Supplemental 

Table 1 provides information about the percentage of caregiver/infant dyads characterized as 

high and low risk for each risk factor. Site differences were observed in negative affectivity, 

income, maternal education, and marital status. Compared to Sites 1|2, participants at Site 3 

reported lower negative affectivity, higher household income, and more maternal education, 

and were more likely to be married. Sites did not differ in infant gestational age, number of 

postnatal medical complications, parental depression, parenting stress, or number of stressful 

life events.

3.2. Results of Main Analyses

Descriptive statistics for the outcome variables of interest (sleep efficiency, BITSEA Total 

Problem Scale scores, and SCG POMP scores) and correlations between all study variables 

are presented in Table 4.

3.2.1. Aim 1: The Effect of Cumulative Risk on Infant Sleep and Social-
Emotional Development—Correlational analyses revealed that cumulative risk was 

associated with sleep efficiency, such that children with greater cumulative risk were more 

likely to experience poorer sleep efficiency measured by the BISQ at 9 months and the 

PediaTrac sleep domain at 9 and 12 months. Furthermore, cumulative risk was significantly 

correlated with BITSEA Total Problem Scale scores at 12 months, but not SCG POMP 

scores at 9 or 12 months. Infants who experienced more cumulative risk were more likely 

to have higher levels of reported social-emotional problems measured by the BITSEA. On 

the other hand, level of cumulative risk was not significantly correlated with an infant’s 

social-emotional abilities measured by SCG POMP scores.

3.2.2. Aim 2: The Effect of Infant Sleep Efficiency on Infant Social-Emotional 
Functioning—To characterize the association between infant sleep and social-emotional 

functioning, concurrent and longitudinal correlations were examined at 9 and 12 months 
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of age (Table 4). When examined concurrently at 9 months, sleep efficiency was not 

significantly correlated with SCG POMP scores (i.e., milestone acquisition) (p > .05). 

Contrary to expectations, children with more efficient sleep did not necessarily have better 

SCG POMP scores than children with less efficient sleep at 9 months. On the other hand, 

sleep efficiency at 12 months was significantly correlated with 12 month social-emotional 

problems measured by the BITSEA and 12 month typical social-emotional development 

measured by SCG POMP scores. At 12 months, children with poorer sleep efficiency were 

likely to have higher BITSEA Total Problem Scale scores and lower SCG POMP scores.

When examining the longitudinal correlations between infant sleep efficiency at 9 months 

and social-emotional functioning at 12 months, 9-month sleep efficiency, whether measured 

by the BISQ or PediaTrac sleep domain, predicted social-emotional problems on the 

BITSEA at 12 months. Specifically, infants with poorer sleep efficiency were likely to have 

higher BITSEA Total Problem Scale scores. On the other hand, 9-month sleep efficiency 

was weakly correlated with 12-month SCG POMP scores when sleep efficiency was 

measured by PediaTrac, but not when measured by the BISQ. Unexpectedly, infants with 

poorer PediaTrac sleep efficiency were likely to have higher SCG POMP scores.

3.2.3. Aim 3: Moderating Effects of Infant Sleep on the Association Between 
Cumulative Risk and Infant Social-Emotional Functioning—Moderation analyses 

indicated that sleep efficiency did not significantly moderate the relationship between 

cumulative risk and BITSEA Total Problem Scale scores or between cumulative risk and 

SCG POMP scores (Tables 5–8). However, cumulative risk and sleep efficiency were 

significant predictors of BITSEA Total Problem Scale scores. Furthermore, the magnitude 

of the effect was similar whether sleep efficiency was measured by the BISQ [F(4, 463) = 

13.58, p < .001, R2 = .11] (Table 5) or PediaTrac [F(4, 463) = 14.34, p < .001, R2 = .13] 

(Table 6). Greater cumulative risk and poorer sleep efficiency at 9 months was predictive of 

higher BITSEA Total Problem Scale scores at 12 months.

For SCG POMP scores, the findings depended on the measure of sleep efficiency. When the 

model included sleep efficiency measured with the BISQ, only infant sex was a statistically 

significant predictor of social-emotional milestone acquisition, F(4, 463) = 3.31, p = .01, R2 

= .03 (Table 7). When sleep efficiency was measured by PediaTrac, both sleep efficiency and 

infant sex were statistically significant predictors of SCG POMP scores, F(4, 463) = 3.91, p 
= .003, R2 = .03 (Table 8). Male infants and those with poorer sleep efficiency (PediaTrac 

sleep only) were rated lower on SCG POMP scores.

3.3. Results of Exploratory Analysis

Results of the cross-lagged panel model indicate that there was stability in each construct, 

indicating rank order stability for both PediaTrac sleep efficiency (b = 0.28, SE = 0.04, p < 

.001, β = 0.34) and SCG POMP scores (b = 0.69, SE = 0.04, p < .001, β = 0.73) from 9 to 12 

months. The cross-lagged effects, however, were not significant. PediaTrac sleep efficiency 

at 9 months did not predict SCG POMP scores at 12 months (b = −0.14, SE = 0.11, p = .19, 

β = −0.05), and, SCG POMP scores at 9 months did not predict PediaTrac sleep efficiency at 

12 months (b = 0.02, SE = 0.02, p = .12, β = 0.08).
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4. Discussion

Social-emotional difficulties that present in early childhood often predict continued 

emotional and behavioral challenges as an individual develops (Althoff, 2010; Briggs-

Gowan & Carter, 2008; Mesman et al., 2001). Due to the pervasiveness of these struggles, 

understanding risk factors and addressing social-emotional difficulties early in childhood is 

crucial. The goal of this investigation was to examine the effect of biological, psychosocial, 

and demographic risk factors on social-emotional functioning within the first year of life. 

Because some children will inevitably experience one or more of these risk factors, this 

study also examined sleep as a moderator and possible point of intervention to promote 

healthy development despite adversity. Infant sleep was chosen because it is amenable to 

change via educational and psychosocial interventions and displays associations with a 

child’s social-emotional functioning (e.g., Field, 2017; Sadeh et al., 2015).

Cumulative risk was found to be associated with infant sleep. As expected, infants with 

greater cumulative risk had poorer sleep efficiency, due to either increased sleep onset 

latency or longer and/or more frequent night wakings (Williamson et al., 2019; Williamson 

& Mindell, 2020). Greater cumulative risk was also associated with more parent-reported 

infant social-emotional problems in our sample, replicating previous findings (e.g., 

Weitzman et al., 2014). Importantly, our results suggest that the effect of biological, 

psychosocial, and demographic risk on social-emotional problems can be seen as early as 

12 months. Achievement of typical social-emotional milestones (e.g., responding to name, 

responding appropriately to or mimicking others’ emotions) in our sample, on the other 

hand, appears unrelated to cumulative risk. It seems that infants from all risk backgrounds 

are equally likely to master typical social-emotional milestones according to parental report; 

however, infants with more risk are reported to have higher levels of problem behaviors. 

The absence of association between cumulative risk and the acquisition of social-emotional 

skill development in infancy may reflect a true null relationship. Conversely, this association 

may be difficult to detect within the first year of life, but may become more prominent as 

social-emotional functioning becomes more complex. This conjecture is supported by past 

research findings that preschool and early school-aged children with higher cumulative risk 

had poorer social-emotional competence (Chang et al., 2012; Marti et al., 2016).

The findings of this study suggest that concurrent relationships between sleep and infant 

social-emotional functioning depend on both the time period and whether social-emotional 

problems or typical social-emotional development is being measured. At 9 months, sleep 

efficiency was not associated with concurrent social-emotional abilities. The association 

may truly not exist, at least as measured in the current study, or, alternatively, the association 

may be unobservable until social-emotional functioning becomes more complex. Indeed, 

at 12 months, sleep efficiency had the hypothesized association with social-emotional 

functioning; children with less sleep efficiency experienced more social-emotional problems 

and lower levels of typical social-emotional development. This suggests that children who 

fall asleep faster and wake less, resulting in higher sleep efficiency, tend to have more 

positive social-emotional functioning. These results extend those from Belanger et al. (2018) 

and Sadeh et al. (2015), who found that lower quality sleep was associated with more 

behavior problems in preschool-age children.
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Longitudinal associations between sleep and social-emotional functioning, irrespective of 

measurement method, indicated that poor sleep efficiency at 9 months was associated with 

greater infant social-emotional problems at 12 months. Again, difficulty falling asleep and 

waking more often–which contribute to less sleep efficiency–appear to occur more often 

in 9-month-old children who are later reported to have more social-emotional problems 

at 12 months. However, a child’s sleep efficiency at 9 months was not associated with 

their social-emotional abilities at 12 months, indicating that the development of typical 

social-emotional milestones may be relatively resilient even in the presence of poor sleep.

During infancy, establishing a healthy pattern of uninterrupted, nocturnal sleep is one 

of the most salient developmental tasks. Associations between infant sleep and social-

emotional functioning have been reported, and suggest utility in exploring sleep as a 

point of intervention to promote social-emotional functioning. In both infants and toddlers, 

implementation of a variety of behavioral sleep interventions has been documented, which 

focus on educating parents about proper sleep hygiene, implementing appropriate bedtime 

routines, or other similar goals (Kempler et al., 2016; Reuter et al., 2020). While a number 

of studies suggest improvement in infant sleep following the intervention, methodological 

issues remain. The prevalence of parent-reported sleep outcomes, homogeneity of study 

samples, and use of slightly different intervention techniques across studies raises 

unanswered questions about the relative efficacy of different treatment elements and 

their effectiveness in diverse populations (Field, 2017; Reuter et al., 2020). Furthermore, 

interventions commonly suggested for improving infant sleep are examined using White, 

middle-class samples and are based on Westernized values that may not have global 

implications (Schwichtenberg et al., 2019). Despite these limitations, findings suggest that 

infant sleep may be improved with intervention, highlighting the importance of continuing 

to explore effective treatments. Identifying useful interventions may not only function to 

improve a child’s sleep, but may also be a practical method for promoting healthy social-

emotional development despite experiencing risk. Contrary to expectation, the interaction 

effect of cumulative risk and infant sleep was not a significant predictor of social-emotional 

functioning. This suggests that sleep affects social-emotional abilities similarly for infants 

from all risk backgrounds. This finding is promising when considering the effectiveness of 

emerging interventions, as it suggests that targeting sleep efficiency could potentially be 

beneficial for all infants, not only those with certain levels of risk.

In moderation analyses, infant sex was a significant predictor of parent-reported 

achievement of typical social-emotional milestones. Parents of male infants reported lower 

social-emotional development than parents of female infants. Findings from previous 

research mirror the current finding that even among infants within the normal range of 

development, males may have lower typical social-emotional development than females 

from 12 to 42 months of age (Briggs-Gowan et al., 2004). While the majority of children 

develop similar social-emotional competencies eventually, this research suggests that 

females may develop them more quickly than males of the same age, at least as perceived by 

parents. Despite this observed sex difference in typical social-emotional development, infant 

sex was not a significant predictor of social-emotional problems. This is relatively consistent 

with other research, which suggests that there are no sex differences in social-emotional 

problems within the first 2 years of life (Briggs-Gowan et al., 2006; Squires et al., 2004).
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Though findings from the current study provide important information about the association 

between risk, infant sleep, and social-emotional functioning, they must be interpreted in 

light of certain limitations. First, risk factors other than those in our cumulative risk index 

may potentially impact infant social-emotional functioning. Data examining considerations 

such as a family’s access to healthcare, neighborhood safety, or parenting style were not 

included in the larger data set, and therefore, could not be examined in the current study. 

Future research could include additional risk factors to gain a more complete understanding 

of the influences on infant social-emotional functioning.

Additionally, the slight differences in response options given by the BISQ and PediaTrac 

sleep domain are important to acknowledge when considering the findings related to sleep 

efficiency. When providing information about the amount of sleep received by each infant 

on the BISQ, caregivers indicated the infant’s exact sleep time in hours and minutes. On 

the other hand, PediaTrac asked caregivers to report their infant’s sleep by choosing a range 

of time (“4 to 5 hours,” “5 to 6 hours,” etc.). Due to these different response options, each 

infant may receive a slightly different sleep efficiency value based on the measure from 

which the data was being drawn.

When interpreting our findings, it is also important to remember that all data regarding 

infant sleep were gathered via caregiver report. Caregiver report is valuable due to their 

extensive involvement in bedtime and wake up routines. However, it is possible that some 

infants wake at night without signaling their caregivers, therefore leaving the caregiver 

unaware of the exact amount of sleep received by the infant. A comparison of the current 

results to data obtained from more objective measures, such as actigraphy, could provide 

more nuanced information. In clinical practice, however, this may not be an important or 

necessary distinction, as obtaining information about infant sleep via caregiver report is 

standard practice. Knowing the relationship between infant sleep measured via actigraphy, 

risk, and social-emotional outcomes may not be clinically useful, as a provider will typically 

not have access to actigraphy. Further, what may be most important is identifying wakings 

in which the child is unable to self-soothe back to sleep, as these wakings are qualitatively 

different from those in which the child does not require parental assistance. Examining 

signaled wakings may provide more information about the child’s regulatory abilities, which 

aligns with the measurement of sleep efficiency as a metric of developing sleep regulation. 

Understanding how caregiver reported infant sleep is associated with social-emotional 

development is applicable to clinical practice and can give healthcare providers important 

information when planning interventions.

Finally, cumulative risk models are conceptually easy to understand and provide meaningful 

information about how risk impacts development. Despite the utility of this approach (Evans 

et al., 2013; Felitti et al., 1998; Weitzman et al., 2014), critics note that dichotomizing 

continuous variables to create a cumulative risk index results in the loss of information 

about the risk severity (Lanier et al., 2018; McLaughlin & Sheridan, 2016). Additionally, 

equal weight is assigned each risk factor, despite the possibility that one may impact the 

outcome variable of interest more strongly than another (Lanier et al., 2018). In light of 

these considerations, it may be beneficial for future research to compare current results to 

analyses using alternative methods for operationalizing risk.
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Despite the above limitations, the current study provides important information regarding 

how risk and sleep behavior may be associated with social-emotional functioning in the 

first year of life. The associations between greater cumulative risk, less efficient sleep, and 

more social-emotional problems highlight the potential benefits of targeted intervention 

for infants from high-risk backgrounds. The current study also provides evidence that 

better quality sleep is associated with more positive social-emotional functioning when 

examined both cross-sectionally and longitudinally. Therefore, sleep interventions may 

improve both current and future social-emotional functioning. The lack of an interaction 

between cumulative risk and infant sleep indicates that sleep interventions may promote 

positive development in these areas in all children, regardless of their risk exposure. Our 

study adds to the current body of literature by extension to a younger sample; these results 

demonstrate that the effects of higher risk exposure and more negative sleep behaviors 

on social-emotional functioning can be identified as early as 12 months. Additionally, 

our study represents a racially and socioeconomically diverse group of families who 

experience a unique range of challenges but are often overlooked in research. Addressing 

sleep difficulties and social-emotional problems in infancy may mitigate some of the more 

extreme challenges observed in high-risk preschool or school aged children who have not 

received any form of early intervention.
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Highlights

• Cumulative risk was related to infant sleep and social-emotional problems.

• The acquisition of social-emotional milestone at 12 months was unrelated to 

cumulative risk.

• Infants with less efficient sleep had more social-emotional problems and 

poorer typical social-emotional development.

• Enhancing sleep efficiency may promote social-emotional functioning despite 

risk.

• Risk and sleep have unique associations with infant social-emotional 

problems.

Lobermeier et al. Page 20

Infant Behav Dev. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Proposed Conceptual Model of Infant Sleep Moderating the Association Between 

Cumulative Risk and Social-Emotional Functioning.

Lobermeier et al. Page 21

Infant Behav Dev. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lobermeier et al. Page 22

Table 1.

Demographic Characteristics of the Full Sample and by Site

Full Sample
(N = 468)

Site 1|2
(n = 259)

Site 3
(n = 209) χ 2 V

Infant Sex 0.31 .03

 % Female 46.15 47.49 44.50

Infant Ethnicity 0.00 .00

 % Spanish/Hispanic/Latino 6.85 6.17 6.69

Infant Race (n = 463) 107.52*** .48

 % Black|African American 30.45 49.61 6.76

 % White 54.21 35.16 77.78

 % Multiracial 12.31 12.50 12.07

 % Other 3.02 2.73 3.38

Maternal Ethnicity 0.09 .02

 % Spanish/Hispanic/Latino 3.85 2.70 5.26

Maternal Race (n = 465) 109.22*** .48

 % Black|African American 30.97 50.39 7.17

 % White 60.92 39.45 82.78

 % Multiracial 6.24 7.42 4.78

 % Other 3.87 2.73 5.26

Note. Chi-square tests of independence compared demographic characteristics between Site 1|2 and Site 3 and Cramer’s V was used to measure 
effect size.

*
p < .05.

**
p < .01.

***
p < .001.
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Table 2.

Risk factors included in the domain specific and overall cumulative risk indices.

Risk factor Low risk = 0 High Risk = 1 Justification

Biological

 Gestational Age ≥ 37 weeks < 37 weeks Based on term status

 Negative Affect (IBQ-R-SF) < 1 SD above mean ≥ 1 SD above mean Above normal/average levels

 Postnatal Medical Complications < 1 ≥ 1 Established risk factor

Psychosocial

 Caregiver Depression (BSI)
a T-score < 63 T-score ≥ 63 Normed cutoff

 Stressful Life Events
b < 4 events ≥ 4 events Established risk factor

 Parenting Stress (PSI-4-SF)
c < 1 SD above mean on total 

stress scale
≥ 1 SD above mean on total stress 
scale

Above normal or average 
levels

Demographic

  Household Income
d Above poverty line At/below poverty line Established risk factor

  Maternal Education
e Completed high school No high school diploma or 

equivalent
Established risk factor

  Marital Status
f Married Not married Established risk factor

Note. IBQ-R = Infant Behavior Questionnaire - Revised-Short Form; PSI-4-SF = Parenting Stress Index-4-Short Form Total Problem Scale; BSI = 
Brief Symptom Inventory

a
(Lang et al., 2009).

b
(Felitti et al., 1998).

c
(Abidin, 2012).

d
(Evans et al., 2007).

e
(Lima et al., 2010).

f
(Lima et al., 2010).
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Table 3.

Risk Factor Descriptive Statistics by Site

Overall
Sample (N = 468)

Site 1|2
(n = 209)

Site 3
(n = 259)

Statistic Effect Size

Biological Risk

Variables [M(SD)]

 Weeks Gestation 36.58 (3.69) 37.00 (3.08) 36.06 (4.28) t = 2.66** d = 0.28

 Negative Affectivity (IBQ-R-SF) 3.59 (0.75) 3.68 (0.76) 3.48 (0.71) t = 2.85** d = 0.27

 Postnatal Medical Complications 0.40 (0.64) 0.29 (0.55) 0.52 (0.73) t = 3.73*** d = 0.38

Psychosocial Risk

Variables [M(SD)]

 Caregiver Depression (BSI)
a 49.70 (8.47) 49.15 (8.50) 50.33 (8.41) t = 1.43 d = 0.14

 Parenting Stress (PSI-4-SF)
b 27.44 (22.13) 26.59 (22.54) 28.39 (21.68) t = 0.83 d = 0.08

 Stressful Life Events 1.94 (2.79) 2.25 (2.72) 1.59 (2.44) t = 2.77*** d = 0.28

Demographic Risk

Variables

 Income t = 10.80*** d = 1.05

 % Below Poverty 27.97 43.91 9.55

 % Below Median 13.05 14.78 11.05

 % At/Above Median 25.17 25.65 24.62

 % Above Twice Median 19.34 10.00 30.15

 % Above $150,000 14.45 5.65 24.62

 Maternal Education t = 10.46*** d = 0.98

 % Some High School 3.63 5.79 0.95

 % High School Graduate 15.17 25.09 2.87

 % Some College 24.15 28.57 18.66

 % Trade/Technical/Vocational Training 3.42 4.24 2.39

 % College Graduate 25.64 21.24 31.10

 % Some Post-Graduate 1.92 2.70 0.95

 % Post-Graduate or Professional Degree 26.07 12.36 43.06

 Marital Status χ2 = 97.52*** V = 0.46

 % Married 59.40 39.15 84.69

 % Not Married 40.60 60.85 15.31

Note. IBQ-R-SF = Infant Behavior Questionnaire – Revised, Short form; BSI = Brief Symptom Inventory; PSI-4-SF = Parenting Stress Index-4-
Short Form.

a
Caregiver depression is measured as a T-score, M = 50, SD = 10.

b
Parenting stress is measured as a percentile, M = 50.

*
p < .05.

**
p < .01.
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***
p < .001.
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Table 4.

Descriptive Statistics and Bivariate Correlations for Variables of Interest

M(SD) 1 2 3 4 5 6 7

1. Cumulative Risk Sleep efficiency (%) 1.91 (1.48) –
−.15

**
−.17

***
−.12

* .08 −.03
.29

***

2. BISQ 9 months 92.09 (10.23)
−.15

* –
.41

***
.38

*** −.05 .06
−.17

***

3. PT 9 months 97.10 (3.93)
−.18

**
.43

*** –
.47

*** .04
.10

*
−.21

***

4. PT 12 months 97.62 (2.85)
−.13

*
.28

***
.58

*** – .05
.13

*
−.19

***

Socioemotional development

5. PT SCG: 9 months 0.68 (0.08) .10 −.09 .02 .08 –
.70

*** .05

6. PT SCG: 12 months 0.76 (0.09) −.05 .03 .07
.12

*
.71

*** – −.05

7. BITSEA: 12 7.59 (5.10)
.28

***
−.21

**
−.25

***
−.22

*** .08 −.03 –

Note. BISQ = Brief Infant Sleep Questionnaire – Expanded Version. PT = PediaTrac, SCG = Social/Communication/Cognition Domain. BITSEA = 
Brief Infant-Toddler Social-Emotional Assessment. Values above the diagonal are pooled estimates of 20 data sets created with multiple imputation 
and values below the diagonal and the descriptive statistics are from the original data.

*
p < .05.

**
p < .01.

***
p < .001.
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Table 5.

Unstandardized and Standardized Regression Models Predicting BITSEA Total Problem Scale Scores at 12 

months Using BISQ Sleep Efficiency

Variable B 95% CI for B SE B β

LL UL

Step 1

 Constant 11.51*** 6.38 16.63 2.59

 BISQ Sleep Efficiency −0.07* −0.12 −0.01 0.03 −0.13

 Cumulative Risk 0.88*** 0.54 1.22 0.17 0.26

 Infant Sex
a 0.46 −0.50 1.42 0.49 0.04

 Site
b 0.57 −0.47 1.60 0.53 0.05

Step 2

 Constant 11.11*** 6.03 16.19 2.58

 BISQ Sleep Efficiency −0.06* −0.12 −0.01 0.03 −0.13

 Cumulative Risk 0.86*** 0.52 1.20 0.17 0.25

 Infant Sex
a 0.46 −0.50 1.42 0.49 0.04

 Site
b 0.58 −0.45 1.62 0.53 0.06

 BISQ Sleep * Risk −0.01 −0.05 0.03 0.02 −0.04

Note. Statistics were averaged across multiply imputed data sets (m = 20). Sleep efficiency was assessed at 9 months. Sleep efficiency and 
cumulative risk were mean centered prior to computing the interaction term. BITSEA = Brief Infant-Toddler Social-Emotional Assessment; BISQ 
= Brief Infant Sleep Questionnaire; CI = confidence interval; LL = lower limit; UL = upper limit

a
Infant sex was coded as 0 = female, 1 = male.

b
Site was coded as 0 = Site 3, 1 = Site 1|2.

*
p < .05.

**
p < .01.

***
p < .001.

Infant Behav Dev. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lobermeier et al. Page 28

Table 6.

Unstandardized and Standardized Regression Models Predicting BITSEA Total Problem Scale Scores at 12 

months Using PediaTrac Sleep Efficiency

Variable B 95% CI for B SE B β

LL UL

Step 1

 Constant 27.47*** 14.94 40.00 6.36

 PediaTrac Sleep Efficiency −0.23*** −0.36 −0.10 0.06 −0.17

 Cumulative Risk 0.85*** 0.50 1.19 0.17 0.25

 Infant Sex
a 0.48 −0.47 1.43 0.48 0.05

 Site
b 0.71 −0.29 1.71 0.51 0.07

Step 2

 Constant 25.54*** 10.09 41.00 7.82

 PediaTrac Sleep Efficiency −0.21** −0.37 −0.05 0.08 −0.16

 Cumulative Risk 0.84*** 0.50 1.19 0.18 0.25

 Infant Sex
a 0.47 −0.48 1.42 0.48 0.05

 Site
b 0.71 −0.29 1.71 0.51 0.07

 PediaTrac Sleep * Risk −0.03 −0.13 0.08 0.05 −0.03

Note. Statistics were averaged across multiply imputed data sets (m = 20). Sleep efficiency was assessed at 9 months. Sleep efficiency and 
cumulative risk were mean centered prior to computing the interaction term. BITSEA = Brief Infant-Toddler Social-Emotional Assessment; CI = 
confidence interval; LL = lower limit; UL = upper limit

a
Infant sex was coded as 0 = female, 1 = male.

b
Site was coded as 0 = Site 3, 1 = Site 1|2.

*
p < .05.

**
p < .01.

***
p < .001.
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Table 7.

Unstandardized and Standardized Regression Model Estimates Predicting SCG POMP Scores at 12 months 

Using BISQ Sleep Efficiency

Variable B 95% CI for B SE B β

LL UL

Step 1

 Constant 0.71*** 0.63 0.79 0.0400

 BISQ Sleep Efficiency 0.0006 0.00 0.00 0.0004 0.07

 Cumulative Risk −0.0016 −0.01 0.00 0.0030 −0.03

 Infant Sex
a −0.02** −0.04 −0.01 0.0081 −0.13

 Site
b 0.01 −0.01 0.03 0.0086 0.07

Step 2

 Constant 0.71*** 0.62 0.79 0.0400

 BISQ Sleep Efficiency 0.0007 0.00 0.00 0.0004 0.08

 Cumulative Risk −0.0019 −0.01 0.00 0.0030 −0.03

 Infant Sex
a −0.02** −0.04 −0.01 0.0081 −0.13

 Site
b 0.01 −0.01 0.03 0.0086 0.07

 BISQ Sleep * Risk −0.0003 0.00 0.00 0.0003 −0.05

Note. Statistics were averaged across multiply imputed data sets (m = 20). Sleep efficiency was assessed at 9 months. Sleep efficiency and 
cumulative risk were mean centered prior to computing the interaction term. SCG POMP = Social/Communication/Cognition Proportion of 
Maximum; BISQ = Brief Infant Sleep Questionnaire; CI = confidence interval; LL = lower limit; UL = upper limit

a
Infant sex was coded as 0 = female, 1 = male.

b
Site was coded as 0 = Site 3, 1 = Site 1|2.

*
p < .05.

**
p < .01.

***
p < .001
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Table 8.

Unstandardized and Standardized Regression Model Estimates Predicting SCG POMP Scores at 12 months 

Using PediaTrac Sleep Efficiency

Variable B 95% CI for B SE B β

LL UL

Step 1

 Constant 0.53*** 0.32 0.73 0.11

 PediaTrac Sleep Efficiency 0.003* 0.00 0.00 0.001 0.11

 Cumulative Risk −0.001 −0.01 0.00 0.003 −0.02

 Infant Sex
a −0.02** −0.04 −0.01 0.008 −0.13

 Site
b 0.01 −0.01 0.03 0.008 0.06

Step 2

 Constant 0.45*** 0.21 0.70 0.12

 PediaTrac Sleep Efficiency 0.00327** 0.00 0.01 0.001 0.14

 Cumulative Risk −0.001 −0.01 0.00 0.003 −0.02

 Infant Sex
a −0.02** −0.04 −0.01 0.008 −0.14

 Site
b 0.01 −0.01 0.03 0.008 0.06

 PediaTrac Sleep * Risk −0.001 0.00 0.00 0.001 −0.07

Note. Statistics were averaged across multiply imputed data sets (m = 20). Sleep efficiency was assessed at 9 months. Sleep efficiency and 
cumulative risk were mean centered prior to computing the interaction term. SCG POMP = Social/Communication/Cognition Proportion of 
Maximum; CI = confidence interval; LL = lower limit; UL = upper limit

a
Infant sex was coded as 0 = female, 1 = male.

b
Site was coded as 0 = Site 3, 1 = Site 1|2.

*
p < .05.

**
p < .01.

***
p < .001
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