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Abstract 

Dissertation Title: Exploration of Toddler Sleep and Maternal Sleep/Mental Health in 

Low-income Families at Risk for Sleep Disparities 

Lauren Bentley Covington, Doctor of Philosophy, 2018 

Dissertation Directed by: Dr. Meg Johantgen, Associate Dean for the PhD Program, 

University of Maryland School of Nursing and Dr. Valerie E. Rogers, Assistant 

Professor, Department of Family and Community Health 

Introduction: Sleep plays an important role in children’s physical growth, behavior and 

development. The National Sleep Foundation recommends that toddlers get 11-14 hours 

of sleep in 24-hours and go to bed before 9 pm. Accurate sleep assessment is necessary to 

explore if toddlers are meeting these recommendations. Mothers play a primary role in 

toddler’s sleep routines and duration. Conversely, toddler sleep is associated with 

maternal sleep quality. Poor maternal sleep has been linked to increased mental health 

symptoms. This reciprocal relationship requires investigation of the mother-toddler dyad, 

especially among low-income families in whom sleep deficiencies have previously been 

identified.  

Purpose: The purpose of this dissertation was to explore toddler sleep and maternal 

sleep/mental health in low-income families at risk for sleep disparities. 

Methods: Three cross-sectional studies were conducted. The first tested an integrated 

model to examine whether associations between perceived toddler sleep problems and 

maternal mental health varied by co-sleeping versus independent sleeping. The second 

identified differences between nightly versus non-nightly bedtime routine implementation 

based on maternal and demographic characteristics, and explored relationships between 



	  
	  

bedtime routines, awakenings and sleep duration. The final study compared sleep diary to 

actigraphy measurement of sleep. 

Results: Perceived toddler sleep problems were associated with an average decrease of 

51 minutes in maternal sleep when co-sleeping. Maternal sleep duration mediated the 

relation between perceived toddler sleep problems and mental health symptoms for co-

sleeping mothers. Presence of maternal depressive symptoms, housing insecurity, and 

food insecurity were associated with decreased likelihood of nightly bedtime routine 

implementation (all p<0.05); a practice that was found to be associated with long 

nighttime sleep duration through few nighttime awakenings (β = 22.93, 95% CI = 7.41 to 

47.04). Compared to actigraphy, sleep diaries underestimated bedtime by an hour, 

overestimated nighttime sleep duration by 2.5 hours, and overestimated 24-hour sleep 

duration by 2.25 hours.  

Conclusions: The relation between maternal/toddler sleep and maternal mental health 

supports the necessary consideration of the mother-toddler dyad. Factors associated with 

low socioeconomic status may negatively impact the sleep environment and be related to 

poor sleep quality. Sleep diaries may not be an accurate sleep measure in this population.  
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1 

1. Introduction and Purpose 

1.1 Introduction 
 

Sleep plays an important role in children’s physical growth, behavior and 

emotional development.1 Childhood sleep/wake patterns evolve and consolidate rapidly 

during the first years of life. Changes include longer nocturnal sleep 

duration, less daytime sleep, and less total 24-hour sleep as circadian rhythms are 

developing.2-4 To best understand such sleep changes and outcomes in toddlerhood, 

accurate sleep measures are necessary. Currently, actigraphy, sleep diaries and sleep 

questionnaires are often used in toddler sleep research. Actigraphy is a watch-size device 

that measures movement using an accelerometer to objectively estimate wake, sleep and 

rest periods.5 Sleep measures are derived through an algorithm that detects both rest, 

wake and off-wrist periods determined through movement or lack of movement.6 An 

event marker button on the actigraph can be pressed to mark specific events such as the 

start and end of a rest period. Light exposure can also be measured on many models. In 

toddlers, it is often worn on the ankle.  

Actigraphs are used in conjunction with a sleep diary to best differentiate between 

sleep, rest and periods of non-wear time.6 Sleep diaries are kept by parents and include 

variables such as the recording of bedtimes and wake times, number of nighttime 

awakenings, number of naps and nap duration, and whether a bedtime routine occurred. 

Validated sleep questionnaires, such as the Brief Infant Sleep Questionnaire (BISQ), are 

used frequently in young child sleep research given their ease of use, accessibility and 

low cost.6 The BISQ includes questions about daytime and nighttime sleep patterns and 

sleep-related behaviors over the past two weeks.7,8 Most research has been conducted 
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among high-income, Caucasian samples, thus limiting our knowledge about toddlers 

from other race/ethnic and income backgrounds.4,9-14 Therefore, the use of such measures 

needs to be further explored among low-income, minority samples.  

When exploring sleep during toddlerhood, it is crucial to consider the mother-

toddler dyad, as mothers play a primary role in toddlers’ bedtimes, wake times, sleeping 

arrangements and bedtime routines. Establishment of bedtime routines during 

toddlerhood is critical to healthy sleep, as bedtime routine implementation has been 

associated with earlier bedtimes, decreased sleep onset latency, reduced nighttime 

awakenings and report of toddler sleep problems, and longer nighttime sleep duration.9-

11,15 Additionally, toddlers sleep habits are associated with how well their mothers’ sleep, 

especially if the toddler is experiencing a sleep problem and requires maternal 

intervention to return to sleep. Poor maternal sleep has been linked to mothers’ mental 

health symptoms.16 The presence of maternal depressive symptoms may impact parenting 

and ultimately toddler sleep and health outcomes.17  

It is especially important to explore mother-toddler relationships in low-income 

populations as they are at an increased risk for sleep disparities, which may lead to sleep 

deficiencies. Sleep disparities are differences in sleep between races (i.e. African 

Americans and Caucasians) that result from unequal access to factors that would promote 

better sleep. Sleep deficiencies include insufficient sleep duration, irregular sleep times, 

poor sleep quality and sleep/circadian disorders.18 There are a variety of factors that 

contribute to sleep disparities, ultimately resulting in sleep deficiencies.  Such factors 

include crowding and lack of bedrooms in a household. Crowding may result in co-

sleeping (sharing a room or bed with a parent or sibling), which is associated with 
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decreased maternal sleep quality and duration,19 as well as poor maternal mental 

health.20,21 Multiple moves and unsafe neighborhoods contribute to housing insecurity, 

which may relate to poor sleep and health outcomes for both mothers and toddlers.22 Low 

socioeconomic status (SES) is another factor that contributes to sleep disparities and 

deficiencies. Children of low SES families have been found to have shorter sleep 

duration, poorer sleep quality and more variable sleep schedules compared to their higher 

SES counterparts23,24 Low SES populations may also be less likely to implement bedtime 

routines due to lack of education surrounding their importance,23,25 and sleep problems 

are more likely to occur.26 Toddler sleep problems are not only associated with decreased 

toddler sleep, but also with shortened maternal sleep and poor mental health17,27,28 Such 

sleep deficiencies affect both maternal and toddler sleep outcomes and ultimately their 

health outcomes across the lifespan. Such poor health outcomes include increased rates of 

obesity29, cardiovascular disease30, type 2 diabetes,31 hypertension,32 and ultimately total 

mortality.33 Given the important role of sleep for overall health and wellbeing, it is 

essential that factors contributing to sleep deficiencies be explored further in low-income 

families.  

1.2 Literature review 
 

The National Sleep Foundation recommends that toddlers get between 11-14 

hours of sleep per 24-hours, and go to bed no later than 9 pm.34,35 Studies that examine 

sleep in low-income toddlers have found that this population is not meeting these 

recommendations.36-38 There are limited studies measuring sleep in toddlers,37 and even 

fewer studies looking at sleep among low-income toddlers.36 Studies using an objective 

measure of sleep such as actigraphy are necessary in this population. Specific algorithms 
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or parameters for interpreting actigraphy data, in light of the variability in sleep patterns 

compared to higher SES, Caucasian samples, are also needed. Algorithms specific to 

low-income populations may be necessary given their poor and fragmented sleep 

patterns. Finally, the accuracy of sleep diary versus actigraphy measurement in a low-

income, population has not been extensively studied. It is unclear if parents from a low 

SES would have similar over- and underestimation of their toddler’s sleep outcomes. 

Parents living in low SES households have been found to over/under report negative 

child health outcomes.22 This discrepant reporting may extend to sleep outcomes and 

needs to be further explored. 

Previous studies have highlighted the importance of exploring maternal sleep in 

relation to their child’s sleep. Many studies focus on how infant and maternal sleep are 

related, with fewer studies examining the bidirectional relationship between toddler and 

maternal sleep. Concerns about infant and toddler sleep are reported by approximately 

20%-30% of parents.35 Early childhood sleep problems have been associated with poor 

maternal sleep and mental health symptoms,16,17,39,40 particularly if co-sleeping is 

occurring.17 Co-sleeping has been studied extensively in mothers of infants, and less is 

known about mothers of toddlers. Additionally, the presence of maternal depressive 

symptoms has been associated with decreased likelihood of implementing a bedtime 

routine, which ultimately may decrease toddler sleep duration and quality.9  

Many studies point to the importance of the mother-toddler dyad when examining 

sleep deficiencies, as maternal factors may be contributing to them.36,41,42 There is limited 

research focusing specifically on sleep deficiencies in toddlerhood. However, there have 

been studies exploring pre-existing maternal, social and environmental factors that most 
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likely are contributing to them. For example, mothers who are of lower SES may work 

multiple jobs and may not be present at bedtime or may work long hours and get home 

late, resulting in their toddler having a later bedtime.43 Additionally, mothers of low SES 

families are more likely to report depressive symptoms, and the presence of depressive 

symptoms has been associated with poor child sleep outcomes.43,44 If education is lacking 

as a result of low SES, it is possible mothers may not have knowledge of the importance 

of toddler sleep and bedtime routine implementation.23  

Environmental factors such as household crowding/lack of bedrooms or living 

with other families for economic reasons, may play a role in toddler sleep deficiencies as 

they make up the child’s sleep environment.  For example, if crowding is present in the 

household or if the mother perceives her toddler to have a sleep problem, she may believe 

that co-sleeping is the best solution.45 Additionally, if multiple people are living in the 

household, mothers may be less likely to implement a bedtime routine.23 Multiple moves 

and unsafe neighborhoods may contribute to housing insecurity, which may relate to poor 

sleep and health outcomes for both mothers and toddlers.22 Overall, a multitude of 

maternal, social, and environmental factors play into how well and long toddlers sleep. 

Exploring these factors more extensively, and specifically how they play into sleep 

deficiencies, is necessary.  

1.3 Problem and significance 
 
 Before effective interventions can be created to improve toddler sleep, better 

exploration is needed surrounding maternal, social and environmental factors that are 

contributing to sleep deficiencies. Specific focus needs to be paid towards the mother-

toddler dyad when exploring such deficiencies, to better determine not only how maternal 
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factors relate to toddler sleep, but also how toddler sleep may relate to maternal sleep and 

well-being. Finally, it is essential that psychometrically and culturally appropriate sleep 

measures and analysis of such measures are employed in this population.  

 Helping to better understand how toddler sleep may relate to maternal sleep and 

mental health and how maternal mental health and other factors may relate to toddler 

sleep, may allow for a better understanding of sleep deficiencies. A clearer assessment of 

such deficiencies can be applied to the development of interventions targeted specifically 

for this population to help reduce sleep deficiencies and poor health outcomes (i.e. 

obesity29, socio-emotional issues46, and poor cognitive functioning47) in both mothers and 

toddlers.   

1.4 Purpose and aims 
 

The purpose of this dissertation research is to explore toddler sleep and maternal 

sleep/mental health in low-income families at risk for sleep disparities through the 

completion of three manuscripts. The specific aims of the manuscripts are:  

1a. To test an integrated model to examine whether associations between perceived 

toddler sleep problems and maternal mental health vary by co-sleeping versus 

independent sleeping.  

Hypothesis 1: Co-sleeping moderates the relation between perceived toddler sleep

 problems and maternal sleep duration. 

Hypothesis 2: Maternal sleep duration conditionally mediates the relation between 

perceived toddler sleep problems and maternal mental health symptoms (i.e. 

stress, anxiety, and depressive symptoms) based on co-sleeping. 
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1b. To examine an alternative model in which maternal mental health symptoms are 

related to perceived toddlers’ sleep problems.  

Hypothesis 1: Maternal mental health symptoms are not related to toddler sleep 

problems through maternal sleep duration.  

2a. To explore differences between nightly versus non-nightly bedtime routine 

implementation based on maternal and demographic characteristics. 

Hypothesis 1: Significant differences exist between mothers who implement a 

nightly bedtime routine and those who do not, such that mothers who are 

unemployed, have a high school education or less, and report depressive 

symptoms might be less likely to implement a bedtime routine than mothers who 

do not have those characteristics. 

Hypothesis 2: Nightly bedtime routines are less likely to occur in food, housing 

and energy insecure homes. 

2b. To explore the relationships between nightly bedtime routines, nighttime awakenings 

and nighttime sleep duration in a sample of toddlers in low-income, minority families. 

Hypothesis: The presence of a nightly bedtime routine is associated with few 

nighttime awakenings and long nighttime sleep duration in toddlers; more 

specifically, that nighttime awakenings mediates the relationship between the 

presence of a nightly bedtime routine and nighttime sleep duration.  

3. To explore toddler sleep in an urban, low-income, minority population using sleep 

diaries and actigraphy, and to compare these measures.  
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Hypothesis 1: This sample will not meet the National Sleep Foundation 

Recommendations of 11-14 hours of sleep in a 24-hour period and a bedtime no 

later than 9:00 pm.  

Hypothesis 2: There will be limited agreement between sleep diaries and 

actigraphy on sleep variables of interest: nighttime sleep duration, number of 

naps/day, nap duration/day and 24-hour sleep duration. 

1.5 Conceptual framework: The transactional model 
 

The transactional model guided this research. This model examines the mother-

toddler dyad and describes the ongoing dynamic interactions and bidirectional influences 

between mothers and toddlers.48 When applied to this study specifically examining sleep, 

a mother’s beliefs, expectations, emotions and behaviors related to her toddler’s sleep and 

her own sleep are influenced by a) the environment in which the family lives; b) her 

personality and psychopathology; c) her education and employment status; d) the 

toddler’s age and developmental characteristics; and e) the toddler’s own sleep patterns. 

The toddlers’ sleep is influenced by a) their sleep environment; b) their age and 

maturational status; and c) maternal influences and factors.49  

 Figure 1, adapted from Sadeh and Anders,48 and Sadeh, Tikotzky, Scher,49 

displays the transactional model in the context of this dissertation. The environment for 

this sample may consist of the presence of food insecurity (not having access to 

affordable and nutritious food), housing insecurity (overcrowding, living temporarily 

with other families, or moving two or more times in a year), or energy insecurity (having 

a threat of heat/electricity shut off, or an actual heat/electricity shut off). Additionally, 

households may be without private health insurance, an indicator of economic status. 
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Such environmental factors may influence both maternal and toddler sleep outcomes. For 

example, if mothers and toddlers are going to bed hungry due to household food 

insecurity, they may not sleep as well. Additionally, if they are experiencing over-

crowding and/or lack of heat, they may choose to co-sleep. 

 

Figure 1. Toddler and maternal sleep in a transactional model. 

Intrinsic maternal and toddler factors relate to both toddler and maternal sleep. 

For example, toddler age and maturity may relate to nighttime sleep duration. As children 

age their sleep becomes consolidated and they develop self-soothing skills as they 

mature.2 Race relates to toddler sleep duration and quality, as African American toddlers 

are at higher risk for sleep problems and decreased sleep duration.25,50,51 Maternal factors, 

such as educational and employment status may relate to maternal sleep. In low-income 
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families, a mother may work multiple jobs, especially if she is single, to provide for her 

family, leaving limited time for sleep. Additionally, poor maternal education may be 

associated with a lack of knowledge of the importance of sleep for health and everyday 

functioning.52 

 Many maternal factors relate to the mother-toddler interactive context and 

ultimately toddler sleep. Toddler sleep also relates to the mother-toddler interactive 

context and ultimately maternal sleep. For example, if a mother is working multiple jobs 

or doing shift work, she may not be physically available to implement a nightly bedtime 

routine. Along the same line, if the mother is experiencing depressive symptoms, she may 

not be emotionally available to implement routines. In regards to toddler sleep, if mothers 

perceive toddlers to have a sleep problem, they may choose to co-sleep with them to help 

soothe them back to sleep.53  

Overall, the transactional model emphasizes that parenting plays a major role in 

shaping toddler sleep, but also, toddler sleep and sleep problems can influence parental 

mood and well-being.49 Research has demonstrated that the links between toddler and 

maternal sleep are bidirectional and that in addition to the well-established evidence that 

parenting plays a major role in shaping children’s sleep, there is accumulating evidence 

that children’s sleep and sleep problems may influence maternal mood and well-being.49 

An implication of the transactional model is that maternal and toddler sleep health needs 

to be addressed concurrently in interventions, not separately.  

1.6 Methods 
 

Three studies were carried out to address the above aims.  
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 Aim 1 was a cross-sectional study using baseline data from a larger randomized 

controlled trial aimed at obesity prevention. Biological mothers of toddlers were recruited 

from a suburban Special Supplemental Nutrition Program for Women, Infants and 

Children clinic and an urban pediatric clinic. Both sites served low-income families 

living in the surrounding communities. A total of 281 mothers completed self-

administered computer-based questionnaires. Mothers reported their toddler’s age, sex, 

race/ethnicity, their own age, marital status and household income level. Maternal 

depressive symptoms were assessed using the Beck Depression Inventory-II (BDI-II). 

Anxiety symptoms were assessed using the 6-item State-Trait Anxiety Inventory (STAI) 

and maternal stress was measured through the Perceived Stress Scale (PSS). The 

Pittsburgh Sleep Quality Index (PSQI) was used to measure maternal sleep duration and 

items from the Brief Infant Sleep Questionnaire (BISQ) (Appendix A) identified maternal 

perception of toddler sleep problems and the presence of co-sleeping.  

Three separate moderated mediation analyses were conducted, each predicting 

one of the mental health variables (i.e. maternal depressive symptoms, anxiety and 

perceived stress). To examine the possibility of alternative models, mediation models 

were conducted to examine the indirect effect of maternal sleep duration on the 

association between maternal mental health symptoms and perceived toddler sleep 

problems. Three separate mediation models were conducted, with perceived toddler sleep 

problems as the dependent variable, and mental health variables as the independent 

variables. All moderation models were conducted using bootstrapping, and controlled for 

poverty, maternal age and marital status.  
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Aim 2 was a cross-sectional study that recruited biological mothers of toddlers 

from the Baltimore recruitment sites of Children’s HealthWatch (CHW), an ongoing 

study that monitors the health and well-being of low-income infants and toddlers in the 

United States. Sites included an inner city pediatric emergency room and one of its 

satellite pediatric primary care clinics. Both sites serve urban low-income families.  

Mothers completed the CHW survey,54 which included questions about maternal and 

household characteristics. Maternal characteristics included current employment, marital 

status, and education level, and a 3-item depressive symptom screen. Household 

characteristics included food insecurity, measured by the 18-item US Household Food 

Security Scale, housing insecurity and energy insecurity. Directly following completion 

of the CHW survey, mothers completed the Extended Brief Infant Sleep Questionnaire 

(BISQ). The BISQ included questions about toddler daytime and nighttime sleep and 

wake patterns and sleep-related behaviors, such as bedtime routine implementation.  

Chi-square tests of independence were conducted to test for differences in 

maternal and household characteristics between mothers who completed a nightly 

bedtime routine and those who did not. To investigate whether nighttime awakenings 

mediated the relation between implementation of a bedtime routine and toddler’s 

nighttime sleep duration, a path analysis model was tested, controlling for toddler age, 

bed sharing and maternal education.  

Aim 3 was also a cross-sectional study that recruited biological mothers of 

toddlers through their participation in the CHW survey. Sleep was measured with an 

actigraph (Actiwatch 2 (AW2, Philips, Inc., Murrysville, PA), a waterproof, battery 

operated watch-size device containing an accelerometer that measures movement. Sleep 
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measures were derived through an algorithm that detects both rest and wake periods 

determined through movement or lack of movement. Toddlers wore the actigraph for 

three consecutive days at home and a sleep diary (Appendix B) was completed by 

mothers simultaneously. Bedtime, nighttime sleep duration, number of naps and nap 

duration in a 24-hour period, and 24-hour sleep duration were collected by both 

measures. 

Actigraphy data were analyzed using the manufacturer’s validated scoring 

algorithm, Philips Respironics Actiware, version 6.0.9, set at the medium (40) activity 

count threshold.55 Scoring rules based on studies using actigraphy in young children37,56-

59 were created a priori and modified as appropriate once all data were collected and 

qualitatively evaluated. Two researchers (LC and VR) scored actigraphy data 

independently and inter-rater reliability testing was conducted between their scores using 

Kappa reliability statistic, with acceptable reliability set at Kappa >0.60.60 Paired samples 

t-tests were conducted to examine significant differences between sleep estimates of the 

sleep diaries versus actigraphy for each of the 3 days separately and then for the mean of 

all 3 days. 

1.7 Summary 
 
 This introductory chapter presented an overview of the importance of sleep in 

toddlerhood, how it is currently measured, the necessity of considering the mother-

toddler dyad and factors contributing to sleep disparities.  

 The next three chapters present portions of this dissertation study including (1) 

whether associations between perceived toddler sleep problems and maternal mental 

health vary by co-sleeping versus independent sleeping (Aim 1, Chapter 2); (2) bedtime 
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routine implementation and how it differs based on maternal/household factors in 

addition to how it relates to sleep in low-income toddlers, and (Aim 2, Chapter 3); and (3) 

sleep and sleep measures in a low-income, urban population (Aim 3, Chapter 4). The 

final chapter provides a synthesis of the main research findings, strengths and limitations 

of the dissertation study, implications for practice and future research.  
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2. Perceived Toddler Sleep Problems, Co-sleeping, and Maternal Sleep and Mental 
Health61 

2.1 Abstract 
 
Objective: Childhood sleep problems are associated with insufficient parental sleep and 

adverse maternal mental health symptoms, which may be exacerbated when 

mothers/toddlers co-sleep (i.e., bed/ room sharing). This study examines maternal sleep 

duration as a mechanism linking perceived toddler sleep problems with maternal mental 

health and examines whether these associations vary by co-sleeping, in addition to 

exploring alternative models.  

Methods: Low-income mothers of toddlers (n 5 280) (age 12–32 months) recruited from 

Women, Infants, and Children and pediatric clinics provided demographic information 

and completed questionnaires on their toddler’s sleep and their own sleep duration and 

mental health symptoms (depressive symptoms, anxiety, and stress). Indirect and 

conditional indirect models were conducted to examine the relation between perceived 

toddler sleep problems and maternal mental health. 

Results: Perceived toddler sleep problems were associated with an average decrease of 

51 minutes in maternal sleep when co-sleeping (mean 5 6.1 h). Maternal sleep duration 

mediated the relation between perceived toddler sleep problems and maternal symptoms 

of depression, anxiety, and stress for co-sleeping mothers. Maternal sleep duration did 

not mediate relations between maternal mental health symptoms and perceived toddler 

sleep problems.  

Conclusion: This study provides a conceptual model by which parent and 

child sleep is related to parental mental health. Practitioners might consider alternatives 

to co-sleeping when discussing sleep arrangements with parents. Future studies should 
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replicate results longitudinally and examine whether reducing co-sleeping improves 

maternal sleep duration and reduces perceptions of toddler 

sleep problems.  

Key words: co-sleeping, maternal sleep duration, perceived toddler sleep problems, 

maternal mental health, moderated-mediation 
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2.2. Introduction 
 

Sleep is critical for everyday functioning and can affect physical health, mood and 

behavior.17,62 Sleep patterns across the first years of life are frequently changing, with 

wide individual variability.62 In toddlerhood, most children establish sleep regulation, 

with night awakenings followed by returning to sleep without parental intervention. 

However, extended or more frequent night awakenings may occur in some toddlers and 

may necessitate parental intervention to return to sleep.63 Approximately 20-30% of 

parents report concerns about their infants’ or toddlers’ sleep.10 Such early childhood 

sleep problems have been repeatedly associated with insufficient parental sleep, parental 

stress, and maternal depression,16,17,39,40,64 especially if the child and parent are co-

sleeping.17,20,39,45,53,65-67 Co-sleeping has been studied mainly in parents of infants, and 

less is known about parents of toddlers.  

Co-sleeping is defined as a parent and child sleeping on the same surface, and/or 

sleeping in the same room, but on separate sleeping surfaces.19,67-69 Views regarding the 

risks and benefits of co-sleeping in the U.S. are mixed. During infancy, co-sleeping is 

associated with an increased risk for Sudden Infant Death Syndrome and is discouraged 

by healthcare providers.70 The 2016 American Academy of Pediatrics Task Force on 

Sudden Infant Death Syndrome recommends that to reduce the risk of sleep-related 

deaths, infants sleep in the same bedroom as their parents on a separate sleeping surface, 

such as a crib or bassinet, and never on a soft surface such as a couch or armchair.71 

There are not sleeping environment recommendations for toddlers. The risks and benefits 

of co-sleeping during toddlerhood have not been examined closely.41 Evidence suggests 

that infant co-sleeping is associated with decreased maternal sleep quality and duration19 
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as well as poor maternal mental health,20,21 but these relations have not been studied 

extensively among toddlers.  

Co-sleeping is common among minority, low-income families compared to white, 

high-income families. For example, a 17-year U.S. population based study found that 

low-income mothers are 1.7 times more likely to bed share compared to high-income 

mothers, and black families are 3.5 times more likely to bed share compared to white 

families.72 Co-sleeping may be an economic necessity for many low-income families. 

Housing occupies a major part of the budget for low-income families, and many live in 

crowded conditions, sharing bedrooms and beds.73 Given that both mental health 

symptoms and co-sleeping are prevalent among low-income populations,41,72,74-76 a 

detailed understanding of co-sleeping as a risk factor for mental health symptoms could 

inform efforts to reduce health disparities.77  

Maternal perception of toddler sleep problems has separately been associated with 

shortened maternal sleep and maternal mental health symptoms,17,27,28 but it is not clear 

how co-sleeping affects these relations and a comprehensive model has not been 

examined. Parents who believe that their child has a sleep problem may view co-sleeping 

as a solution to minimize disruptions from extended and frequent night awakenings.53 

Though co-sleeping may provide initial improvement for toddler sleep, repeated extended 

toddler night awakenings that require maternal intervention, could result in chronic 

shorter maternal sleep duration.19,53 Subsequently, short sleep duration in mothers may be 

linked with poor maternal mental health symptoms.45  

The transactional model emphasizes interactive relations between maternal and 

toddler sleep, whereby directions may vary.42,49 In the context of co-sleeping, maternal 
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perception of toddler sleep problems may be associated with shortened maternal sleep 

and subsequently poor maternal mental health outcomes. Alternatively, short maternal 

sleep duration may affect children’s sleep.42,78 Children’s bedtimes and wake times are 

often related to maternal bed/wake times, especially in the context of co-sleeping.66,79,80 

The purpose of this study is to test an integrated model to examine whether 

associations between perceived toddler sleep problems and maternal mental health vary 

by co-sleeping vs. independent sleeping. This study addresses gaps in the literature by (1) 

examining the associated risks of toddler co-sleeping in an age group that has been 

understudied; (2) examining the relation between sleep and mental health among low-

income families (a population at risk for health disparities), and (3) proposing a 

comprehensive model, currently lacking in the literature.  

We tested two hypotheses and one alternative hypothesis: (1) Co-sleeping 

moderates the relation between perceived toddler sleep problems and maternal sleep 

duration; (2) Maternal sleep duration conditionally mediates the relation between 

perceived toddler sleep problems and maternal mental health symptoms (i.e. stress, 

anxiety and depressive symptoms) based on co-sleeping. Specifically, perceived toddler 

sleep problems are associated with shortened maternal sleep duration, which in turn is 

associated with increased maternal stress, anxiety and depressive symptoms only for 

mothers who co-sleep. To examine an alternative model in which maternal mental health 

symptoms are related to perceived toddlers’ sleep problems, we tested whether maternal 

sleep duration mediates the relation between maternal mental health symptoms and 

perceived toddler sleep problems.   
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2.3 Methods 

2.3.1. Sample  

All data were collected at baseline from a larger randomized controlled study 

aimed at obesity prevention. The larger study was powered on the outcomes of child and 

parent weight status change.  Biological mothers of toddlers (age 12–32 months) were 

recruited from two sites: a suburban Special Supplemental Nutrition Program for 

Women, Infants, and Children (WIC) clinic and an urban pediatric clinic. Both sites 

served low-income families living in the surrounding communities. University and state 

Institutional Review Boards approved the study.  Maternal eligibility criteria included 

being over 18 years of age, not currently pregnant and having no health problems that 

would interfere with physical activity. Toddler eligibility criteria included born at term 

with birth weight >2500g, and no known congenital problems or disabilities.   All 

mothers provided written informed consent. Mothers completed self-administered, 

computer-based questionnaires using voice-generating software and mouse responses. 

Three-hundred and four eligible mothers of toddlers were recruited and 281 mothers 

completed the full evaluation.  

2.3.2. Demographics 

Mothers reported their toddler’s age, sex, and race/ethnicity, and their own age, 

marital status, and household income level.  Income was used to calculate a poverty ratio 

based on 2009 thresholds determined by the US Census Bureau.81 Based on income and 

family size, families were classified as either being above or below the poverty threshold 

as defined by the 2009 US Census Bureau. 
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2.3.3. Depressive symptoms 

Depressive symptoms were assessed using the Beck Depression Inventory-II 

(BDI-II).82 The BDI is a well-validated 21-item self-report scale that assesses mood and 

associated symptoms of depression over the past 2 weeks. Scores of 0–13 indicate 

minimal depressive symptoms, scores from 14–19 indicate mild depression, scores of 20–

28 indicate moderate depression and scores above 28 indicate severe depression. The 

reliability of the measure in this study was high (α =0 .88). 

2.3.4. Anxiety symptoms 

Anxiety symptoms were assessed using the six-item STAI.83 The STAI is a short-

form version of the State-Trait Anxiety Inventory84 that uses a 4-level scale (1=not at all; 

4=very much), adjusted to yield a similar range of scores to those obtained with the full 

20-item version. Validity has been established,83 and internal consistency in the current 

sample was adequate (α=0.80).  

2.3.5. Perceived stress 

The Perceived Stress Scale (PSS) is a 10-item measure used to assess global, 

everyday stress experienced in the past week. Responses were rated on a 5-point Likert 

scale and higher scores indicated greater stress. The PSS possesses adequate 

psychometric qualities.85,86 Reliability in the current study was adequate (α = 0.63).  

2.3.6. Maternal sleep 

The Pittsburgh Sleep Quality Index (PSQI) is a well-validated and widely used 

sleep measure.87 Mothers were asked to assess their sleep duration (how many hours of 

actual sleep per night averaged over the past month). Comparable one-item measures of 
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sleep duration have been used in similar studies,88 in line with recommendations for field 

trials from the DSM-5 Sleep-Wake Disorders Workgroup.89 

2.3.7. Maternal Perception of Toddler Sleep Problem 

	  
A single item from the Brief Infant Sleep Questionnaire (BISQ)8was used to 

assess maternal perception of toddlers’ sleep problems. The BISQ has been validated 

with children from 5–30 months with high (>0.82) test–retest reliability.8 Mothers 

completed this questionnaire based on their child’s sleep over the past week. Mothers 

reported on whether they thought their toddler experienced “sleep problems” (‘not a 

problem at all’, ‘a small problem’, or ‘a very serious problem’). The categories of ‘a 

small problem’ and ‘a very serious problem’ were collapsed and responses were 

dichotomized between “a very serious problem/a small problem” and “not at all a 

problem.” Maternal perception of toddler sleep problems was used in the current study to 

define toddler sleep problems.  Mothers additionally reported on their sleeping 

arrangement. Answers were dichotomized between mother-toddler bed/room sharing and 

toddler sleeping in a separate room.  

2.3.8. Data analysis 

Data were analyzed using IBM SPSS 22 Statistics Developer Version 22. 

Bivariate Pearson correlations were conducted to examine relations among the variables 

of interest (i.e. maternal depressive symptoms, anxiety, and perceived stress) and 

demographic variables. Categorical variables (marital status, poverty level, sleep 

arrangement, and toddler sleep problem) were dummy coded (see footnote in Table 2).  

Point biserial correlations were conducted as necessary.  Independent t-tests were 
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conducted to examine whether males and females differed on key study variables. 

Demographic variables that were significantly related to any of the dependent variables 

were controlled for as covariates in the subsequent mediation models.  

To test for conditional indirect effects, three separate moderated mediation 

analyses were conducted, each predicting one of the mental health variables (e.g. 

maternal depressive symptoms, anxiety, and perceived stress).  Moderated mediation 

analyses were conducted using the SPSS macro PROCESS 90 (Model 7). PROCESS is an 

ordinary least squares (OLS) regression-based path analytic tool for SPSS used for 

observed variable mediation, moderation and moderated mediation (also known as 

conditional process modeling).   

Lastly, to examine the possibility of alternative models, bootstrapped mediation 

models were conducted using PROCESS to examine the indirect effect of maternal sleep 

duration on the association between maternal mental health symptoms and perceived 

toddler sleep problems. Three separate mediation models were conducted, with perceived 

toddler sleep problems as the dependent variable and mental health variables as the 

independent variables (e.g. maternal depressive symptoms, anxiety, and perceived stress).   

All mediation models were conducted using bootstrapping. Bootstrapping is a 

statistical method that involves drawing repeated samples from the data with replacement 

to gain multiple estimates of the indirect effect.90 Using this method, we generated 5,000 

bootstrapped samples. Advantages to using this statistical approach to test mediation over 

Baron and Kenny’s approach91 are that it does not assume  normality for the indirect 

effects, multiple mediators and moderators can be tested simultaneously, and Type II 
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errors are reduced because fewer inferential tests are required.90 Bootstrapping bases 

significant results upon finding that the 95% confidence interval does not contain zero. 

2.4. Results 

2.4.1. Description 

The final sample included 280 mothers, 67.9% identified as African American, 

26.8% as Caucasian and 5.3% as “other.” Toddlers were a mean age of 20.2 months (SD 

= 5.6), 54% were male. Mothers slept an average of 6.73 hours per night (SD = 1.6) (see 

Table 1). Mothers of toddlers with perceived sleep problems slept significantly less (M = 

6.27, SD =1.60) compared to mothers of toddlers without sleep problems (M = 6.82, SD 

= 1.68) t(278) = 2.12, p <.05. 
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Table 1. Sample Demographics, n=280 

 Mean/% SD Range 
Toddler Age (Months) 20.2 5.6 12-32 
Toddler Gender (Male) 53.9%    
Mother Age (Years) 27.1 6.2 18-46 
Living at or below poverty line 69.3%   
Race/Ethnicity    

African American 67.9%   
Caucasian 26.8%   
Other 5.3%   

Marital Status    
Married 26.8%   

Not-Married 73.2%   
Co-Sleeping 60.4%    
Maternal Anxiety Symptoms 1 10.1 3.6 6-21 
Maternal Depressive Symptoms 2 7.8 7.5 0-59 
Parenting Stress 3 a 5.5 3.1 0-16 
Maternal Sleep (Hours) 6.73 1.6 2-12 
Perceived Toddler Sleep Problem 16%   
1 State-Trait Anxiety Inventory 
2 Beck Depression Inventory 
3 The Perceived Stress Scale 
an = 279 

 

2.4.2. Preliminary analyses 

No toddler sex differences were found on any study variables of interest (p >.05). 

Correlational analyses between demographic variables (maternal age, marital status, 

poverty level) are presented in Table 2. Poverty, maternal age, and marital status were 

significantly related to at least one mental health variable and were controlled for in 

subsequent models.  
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Table 2. Correlations between key study variables and key demographic variables 

 

* p <.05, **p <.01 
a  Dummy Coded in reference to toddler in their separate room from parents (39.6% of 
toddlers in a separate room) 
b  Dummy Coded in reference to [sleep is] ‘not a problem’ (83.9% did not have a sleep 
problem) 
c  Dummy Coded in reference to living at or below the poverty line (69.3% of families 
were at or below the poverty line)  
d Coded in reference to not married (73.2% mothers not married) 

2.4.3. Conditional indirect effects 

The interaction between perceived toddler sleep problems and co-sleeping was 

significantly related to maternal sleep duration (see Figure 2).  Consistent with the first 

hypothesis, perceived toddler sleep problems were significantly related to short maternal 

sleep only among co-sleeping mothers (B = -0.85, SE = 0.30, p <.01), with no relation 

between perceived toddler sleep problems and maternal sleep duration for non-co-

sleeping mothers (B = 0.28, SE = 0.48, p =.56) (see Figure 3). The model accounted for 

nearly 10% of the variation in maternal sleep duration (R2 = 0.10).  

!

 1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. Co-sleeping a --         

2. Toddler Sleep Problemb .116 --        

3. Maternal Depressive 

Symptoms 

-.056 .110 
--       

4. Maternal Sleep Duration .069 -.126* -.225** --      

5. Maternal Anxiety 

Symptoms 

-.003 .087 .443** -.175** 
-- .    

6. Parenting Stress .101 .096 .540** -.218** .413** --    

7. At/below poverty line c .268** -.025 .068 .057 -.035 .068    

8. Maternal Age -.156** .050 -.009 -.251** -.034 -.062 -.164**   

9. Marital Status d -.301** .021 -.039 -.069 -.016 -.085 -.401** .312**  

Mean (SD) or % 39.6% 83.9% 7.8 (7.5) 6.73 (1.6) 10.1 (3.6) 5.5 (3.2) 69.3% 27.11(6.2) 73.2% 
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Figure 2. Co-sleeping moderates the relation between perceived toddler sleep problems 
and maternal sleep duration. 

 
 

 

Figure 3. Conditional inderect effects of maternal sleep duration on the relationship 
between perceived toddler sleep problems and maternal mental health. 

Unstandardized B weights and (standard errors) are presented along each path. 
* p = 0.05  **p <0.01  non-significant paths noted by the dotted line. 
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Next, we examined the conditional indirect effects of perceived toddler sleep 

problems on maternal mental health symptoms through maternal sleep duration based on 

co-sleeping arrangement. Specific path estimates are presented in Figure 3.  Maternal 

sleep duration significantly mediated relations between perceived toddler sleep problems 

and maternal depressive symptoms, anxiety symptoms and stress. Specifically, perceived 

toddler sleep problems were related to short maternal sleep duration, which was in turn 

related to increased depressive symptoms, anxiety symptoms and stress. These 

associations were moderated by co-sleeping, such that short maternal sleep mediated the 

relationship between perceived toddler sleep problems and mental health symptoms only 

among co-sleeping mothers (see Table 3). The final models accounted for 7% of the 

variation in depressive symptoms (R2 = .07), 4% of the variation in anxiety symptoms 

(R2 = .04), and 7% of the variation in stress (R2 = .07) 

The index of moderated mediation showed that the indirect effects differed 

significantly for parents who reported co-sleeping (see Table 3), supporting the second 

hypothesis of moderated mediation (conditional indirect effects).90  

Table 3. Conditional indirect effects of perceived toddler sleep problems on maternal 
mental health based on sleep arrangement 

 

* Significance is based on the boostrapped confidence interval (CI) not containing 
contain zero 

 

 Toddler separate room Toddler parents’ room Index of Moderated Mediation 

Dependent Variable Estimate Bootstrapped CI Estimate Bootstrapped CI Index Bootstrapped CI 

Depression -.3060 -1.264 .5363 .9228* .1963 1.9836 1.2347* .1086 2.8259 

Anxiety -.1175 -.5448 .1794 .3568* .0759 .8350 .4744* .0657 1.1858 

Stress -.1502 -.6243 .1767 .4046* .0874 .8991 .5548* .0775 1.2854 

!
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2.4.4. Alternative models 

To investigate the possibility of alternative models, we estimated three indirect 

effects models, each with perceived toddler sleep problems as the dependent variable. 

The indirect effects from maternal depressive symptoms (Estimate = 0.0089, 95% CI: -

0.0029 to 0.0260), anxiety (Estimate = 0.0158, 95% CI: -0.0022 to 0.0449), or stress 

(Estimate = 0.0211, 95% CI: -0.0091 to 0.0606) through maternal sleep duration were not 

significantly different from zero. 

2.5. Discussion 
 

This study found that maternal perception of toddler sleep problems is related to 

maternal mental health symptoms, mediated through maternal sleep duration. This 

relation holds only when co-sleeping, which appears to strengthen the negative 

association between perceived toddler sleep problems and maternal sleep duration. In the 

absence of maternal perceptions of toddler sleep problems, there were no significant 

differences in maternal sleep duration based on sleeping arrangement.  Extrapolating 

from the results, believing that a toddler has a sleep problem is associated with an 

average of 51 minutes less sleep when mothers reported co-sleeping.  Specifically, co-

sleeping mothers of toddlers with perceived sleep problems slept an average of about 6 

hours per night, which is less than the National Sleep Foundation recommended 7-9 

hours of sleep per night.34 A decrease of nearly an hour of sleep for mothers, is likely 

meaningful given that even limited sleep restriction has been associated with decreased 

functioning in adults, and studies that have restricted sleep to 6 hours have found 

significant impairments across cognitive and mood domains.92 However, regardless of 

sleeping arrangements or perceptions of toddler sleep problems, mothers in this study 
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reported sleeping an average of less than 7 hours per night, which may warrant attention 

in correspondence with other clinical conditions.  

Findings linking maternal mental health with child sleep problems are consistent 

with previous literature across all developmental ages.16,20,28,39,40,65 The current study 

extends previous findings by demonstrating this association among low-income toddlers, 

and identifying a potential mechanism.  This association is concerning given that 

maternal mental health can affect parenting and ultimately the health and well-being of 

children.28 For example, maternal depressive symptoms have been associated with child 

health problems,45,78 low cognitive performance,93 behavior problems and 

psychopathology.94 Toddlers in low-income families are especially vulnerable to negative 

outcomes associated with their mother's psychological well-being and functioning, 

compared to high-income families.17 

The finding that perceived toddler sleep problems were associated with an 

average loss of 51 minutes of maternal sleep27 contingent on co-sleeping, is also 

consistent with previous literature.20,45 It is intuitive that mothers who co-sleep may be 

more likely to notice their toddler’s awakenings, and feel as if they need to intervene to 

help them return to sleep. When mothers are in close proximity to their toddler, even the 

smallest movements may disrupt maternal sleep.68 The current study suggests that 

mothers’ sleep is likely to be disturbed if she perceives her toddler to have a sleep 

problem and if she is sharing a room or bed with her toddler.  

This study fills a gap in the literature by providing evidence for a conceptual 

model by which parent and child sleep are related to parental mental health among low-

income families. Sleep is essential for cognitive and emotional daytime functioning, in 



	  
	  

 
	  

31 

addition to broader family functioning.28 Co-sleeping may be a vulnerability factor for 

mothers; in that it is related to increased mental health symptoms in the presence of 

adversity (i.e. perceived toddler sleep problems).  However, co-sleeping is potentially a 

modifiable behavior, and thus a possible point of intervention. Future research should aim 

to examine if avoiding co-sleeping when toddlers have perceived sleep problems 

improves maternal sleep and subsequently mental health. Additionally, future research 

should examine if other behavioral sleep interventions may be effective in improving 

maternal sleep if co-sleeping continues to occur. For example, such interventions may 

include developing a short, pleasurable bedtime routine to assist toddlers with sleep 

initiation and sleep re-initiation in response to normal nighttime awakenings. Additional 

behavioral principles such as stimulus control, shaping and planned ignoring may be used 

in treatment with families to address sleep-onset associations and night awakenings.95 

Results of the current study should be interpreted in the context of its limitations. 

Perceived toddler sleep problems were assessed using a 1-item measure of the mother’s 

perception of sleep problems, not by an objective measure or a clinical diagnosis.53,96 

Similar single-item self-report measures have been used in previous studies to identify 

sleep problems in infants and toddlers, and are associated with frequent night 

awakenings.10,12,14,79,97-99 Perceptions of sleep disruptions have been shown to be stronger 

predictors of mood disturbances among mothers of young children compared to objective 

sleep quality or quantity.100 Additionally, poor maternal sleep quality has been associated 

with increased reporting of child sleep problems.101   Future research should examine 

both objective and subjective sleep quality in mothers and toddlers and further explore 

how maternal sleep quality relates to the reporting of toddler sleep problems.28,101  
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The limitations of analyses of mediation, moderation, and their integration are linked 

inextricably to the research design underlying these analytical techniques.102 The cross-

sectional nature of the data may inflate estimations of mediation and precludes 

conclusions of directionality.17,103 Alternative model paths may exist. For example, 

maternal psychological factors have been linked to decreased maternal sleep, which in 

turn, might increase the likelihood of perceiving that a toddler has sleep difficulties. 

However, the current study did not find evidence for this model. Therefore, reversing the 

independent and dependent variables cannot fully explain the observed indirect effects, 

and our study provides tentative evidence for the suggested conceptual model. Future 

work should seek to replicate these results using longitudinal data and more complex path 

analytic models (such as those examining co-sleeping and subsequent toddler sleep) to 

fully explore potential directional and bidirectional relations among these constructs.88  

Additionally, the current study did not assess if co-sleeping was continuous 

throughout the night. Toddlers may be put to bed in a separate room, but move to the 

parent’s bed/room during the night.69 Future studies should examine the effects of 

consistency and/or duration of co-sleeping among toddlers with sleep problems.76  

There are several important clinical implications for these findings.  Pediatricians are 

particularly poised to identify problems related to sleep in young children, or normalize 

parental perceptions of sleep problems. Although the American Academy of Pediatrics 

recommends annual sleep screening, only a fraction of children seen for well-care visits 

are appropriately screened for sleep problems.104,105 Given that many sleep problems are 

behavioral in nature, and that behavior interventions have shown to be effective,106 this is 

an area of unmet treatment opportunity. Interventions to address child sleep problems 
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may result not only in improved sleep for toddlers, but also improved sleep and well-

being for mothers.28 For example, in a study conducted among mothers of infants with 

sleep problems, post-behavioral intervention, the mothers experienced decreased 

depressive symptoms.107 Providers may consider maternal sleep and mental health as they 

relate to toddler sleep and sleep problems.101 Maternal mental health and wellbeing affect 

parenting28 and maternal sleep duration may be a mechanism by which to intervene.  

Although co-sleeping may be an economic necessity for low-income families, providers 

should be aware of the potential negative impacts and advise accordingly when 

discussing the decision to co-sleep.  

 

 

 

 

 

 

 

 

 

 

 

 

 



	  
	  

 
	  

34 

3. Toddler Bedtime Routines and their Association with Nighttime Sleep Duration, 
and Maternal and Household Factors  

 

3.1. Abstract 
 

Introduction: It is important to better understand maternal, social and environmental 

disadvantages that put minority, low-income toddlers at increased risk for deficient sleep 

and related poor health outcomes. Bedtime routines have been proven to improve sleep in 

toddlers, however, many low-income families are unable to adhere to them on a nightly 

basis. The aims of this study were (1) to explore differences between nightly versus non-

nightly bedtime routine implementation based on maternal and demographic 

characteristics and (2) to explore the relationships between nightly bedtime routines, 

nighttime awakenings and nighttime sleep duration in a sample of low-income, minority 

toddlers, at risk for sleep disparities.  

Methods: A convenience sample of mother-toddler dyads were recruited and answered 

questions about maternal and household characteristics and toddler sleep, measured using 

the Children’s HealthWatch Survey (CHW) and the Brief Infant Sleep Questionnaire 

(BISQ). Chi-square tests of independence were conducted to test for differences in 

maternal and household characteristics between mothers who completed a nightly 

bedtime routine and those who did not. To investigate whether nighttime awakenings 

mediated the relation between implementation of a bedtime routine and toddlers’ 

nighttime sleep duration, a path analysis model, using a Poisson distribution was tested.  

Results: Presence of maternal depressive symptoms, housing insecurity, and food 

insecurity were associated with decreased likelihood of nightly bedtime routine 

implementation. Despite there being a non-significant direct effect between bedtime 

routine implementation and nighttime sleep duration, there was a significant indirect 
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effect of nighttime awakenings on the relationship between bedtime routine 

implementation and nighttime sleep duration (β = 22.93, 95% CI = 7.41 to 47.04) 

Conclusions: Presence of maternal depressive symptoms, food insecurity and household 

insecurity (factors associated with low SES) may negatively impact the sleep 

environment and be associated with poor toddler sleep quality, potentially due to the 

decreased likelihood of bedtime routine implementation. Such explanatory factors need 

to be identified in order to develop focused programs and interventions surrounding sleep 

duration and quality in toddlers of low-income families. 
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3.2. Introduction 
 

Sleep is a determinant of well-being and health across the life span.50 In 

childhood, insufficient sleep duration and poor sleep quality are associated with physical 

health problems such as obesity,29 social-emotional issues,46 and poor cognitive 

functioning.47 Evidence indicates that low-income African American children obtain less 

nighttime sleep, and have later bedtimes and poorer sleep routines compared to their 

higher socioeconomic (SES) Caucasian counterparts.25,50,51 Such poor sleep habits make 

up sleep deficiencies, which include inadequate sleep duration, poor sleep quality, 

fragmented sleep times, poor sleep quality and sleep/circadian disorders.18 Such sleep 

deficiencies are concerning as they place African Americans and people of lower SES at 

risk for poorer health outcomes compared to their Caucasian and higher SES 

counterparts. Children belonging to these racial and SES groups are at particular risk of 

poor health outcomes given their exposure to sleep deficiencies at a time of rapid 

neurological and physical development.50,51,108  

Health disparities are defined by Healthy People 2020 as health differences that 

are closely linked with environmental, social or economic disadvantage.109 In other 

words, health disparities adversely affect groups who have systematically experienced 

greater obstacles to health based on their racial/ethnic group, SES or other characteristics. 

Sleep disparities are similarly defined as deficiencies in sleep duration, quality or timing 

as a result of unequal access to factors that would promote better sleep and that, in turn, 

lead to poorer health outcomes.  Mechanisms of sleep deficiencies in racial/ethnic and 

low SES populations are not well understood,18 but include environmental factors such as 

housing insecurity5 and unsafe neighborhoods,5,52 and social/economic factors such as 
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food insecurity5 and lack of education.52 Toddlerhood is a critical time in the lifespan 

during which sleep-wake patterns and sleep consolidation are evolving, and bedtime 

routines are being learned.2,108 Thus, it is important to better understand maternal, social 

and environmental disadvantages that put minority, low income toddlers at increased risk 

for deficient sleep and related poor health outcomes so that ultimately interventions can 

be developed to reduce such sleep disparities and improve health.110 

 One such intervention that has been shown to improve sleep in toddlers is the 

implementation of a nightly bedtime routine. A bedtime routine is a regular set of 

activities (i.e. reading, bath, teeth brushing) that occurs every night in the hour before 

lights are turned off for bedtime.111 Associations have been established between bedtime 

routine implementation and earlier bedtimes, decreased sleep onset latency, reduced 

nighttime awakenings and longer sleep duration.9 Additionally, a dose-dependent 

relationship has been found surrounding bedtime routine implementation: the more nights 

per week a routine is implemented, the better the sleep duration and quality.15 Nightly 

bedtime routines, specifically, have been associated with earlier bedtimes, fewer 

nighttime awakenings, and longer sleep duration compared to bedtime routines 

implemented less regularly, for toddlers with problematic and non-problematic 

sleep.10,11,15 These associations between a bedtime routine and better sleep have mainly 

been explored among children living in high-income, highly educated, Caucasian 

families,4,10-14,111 and urgently needs to be investigated among low-income, minority 

populations if sleep deficiencies in these populations are to be addressed. 

The few studies that have explored bedtime routine implementation in low-

income families have found that many families are unable to adhere to them on a nightly 
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basis.7,23 This is often because barriers exist surrounding their implementation. Such 

barriers include increased family stress, a parent working an evening shift, lack of time or 

space, and lack of education surrounding their importance.23,25 These barriers in lower-

income families may be contributing to poorer sleep. It is important to further explore 

such maternal, social and environmental factors that contribute to these differences in 

sleep quality, particularly surrounding bedtime routine implementation, as this is a 

potential point of intervention.50,110  

Therefore, the aims of this study were two-fold. First, to explore differences 

between nightly versus non-nightly bedtime routine implementation based on maternal 

and demographic characteristics. We hypothesized that significant differences would 

exist between mothers who implemented a nightly bedtime routine and those who did 

not, such that mothers who were unemployed, had a high school education or less, and 

reported depressive symptoms might be less likely to implement a bedtime routine than 

mothers who did not have those characteristics. We also hypothesized that nightly 

bedtime routines would be less likely to occur in food, housing and energy insecure 

homes. Our second aim was to explore the relationships between nightly bedtime 

routines, nighttime awakenings and nighttime sleep duration in a sample of low-income, 

minority toddlers. We hypothesized that the presence of a nightly bedtime routine would 

be associated with few nighttime awakenings and long nighttime sleep duration in 

toddlers; more specifically, that nighttime awakenings would mediate the relationship 

between the presence of a nightly bedtime routine and nighttime sleep duration.  
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3.3. Methods 

3.3.1. Procedures 

Participants were enrolled from the Baltimore recruitment sites of Children’s 

HealthWatch (CHW), an ongoing study that monitors the health and well-being of low-

income infants and toddlers in the United States. Sites included an inner city pediatric 

hospital-based emergency room and one of the hospital’s satellite pediatric primary care 

clinics. Both sites serve urban low-income families.  The study was approved by both 

Maryland state and University of Maryland, Baltimore Institutional Review Boards. All 

mothers provided written informed consent prior to data collection. Data were collected 

between March 2016 and June 2017. 

3.3.2. Sample 

Biological mothers with toddlers (age 12–47 months) were recruited (n=121). 

Mothers were excluded if their toddler was acutely ill, they did not speak English, did not 

live in the same household as their toddler, or were not a resident of the state.  

3.3.3. Measures 

Mothers completed the CHW survey, which included questions about maternal and 

household characteristics. Maternal characteristics included current employment (yes/no), 

marital status (married, single, cohabitation, widowed, separated or divorced), and 

education level (some high school or less, high school graduate or GED, technical school 

or some college, college graduate, Master’s level or higher), and a 3-item depression 

screen. This 3-item screening tool for depression has shown a sensitivity of 100%, 

specificity of 88% and positive predictive value of 66% compared with the 8-item Rand 
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screening instrument.112 It has successfully been used among the CHW sample in 

previous studies and its low positive predictive value has been shown to improve in 

samples in which depression is more prevalent (i.e. low-income families).112-115 Mothers 

screened positive for depressive symptoms if they had a positive response to any two of 

the three items.115  

Household characteristics were also assessed using the CHW survey. Food insecurity 

was measured by the 18-item US Household Food Security Scale and was administered 

and scored on the basis of established procedures.116,117 This scale has shown high 

internal consistency reliability with a Cronbach’s alpha ranging from 0.86 to 0.93.117 

Households were classified as food insecure if they scored three or more affirmative 

responses on the 18-item scale, indicating they could not afford enough nutritious food 

for active, healthy lives, and that this condition was a result of constrained 

resources.114,116,117 Housing insecurity items consisted of the following: (1) living in a 

crowded home (>2 people/bedroom), (2) doubling up (temporarily living with other 

people for economic reasons), and (3) moving >2 times per year.22,118 Household energy 

insecurity was defined as a household experience of at least one of the following 

conditions within the previous year: a threatened heat/electricity shut-off or refusal to 

deliver heating fuel, an actual heat/electricity shut off or refused delivery of heating fuel, 

use of the cooking stove as a source of heat, or an unheated/uncooled day because of 

inability to pay utility bills.114  

Directly following completion of the CHW survey, mothers completed the Extended 

Brief Infant Sleep Questionnaire (BISQ). The BISQ is a measure of infant and toddler 

sleep and includes questions about daytime and nighttime sleep patterns and sleep-related 
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behaviors over the past two weeks.8,14 It has been validated in children 5–30 months of 

age, with high (>0.82) test–retest reliability.8 Using the BISQ, mothers reported how 

often they completed a bedtime routine with their child (never, 1-2 nights/week, 3-4 

nights/week, 5-6 nights/week, every night), which activities they carried out in the hour 

before bedtime (among 12 options provided, and all applicable items could be checked), 

if they shared a room or a bed with their toddler (yes/no for both), their perception of the 

number of toddler’s nighttime awakenings and the number of times they occurred, and 

their toddler’s usual bedtimes and wake times. From the latter, nighttime sleep duration 

was calculated. Bedtime routine implementation was dichotomized into ‘implemented a 

bedtime routine every night’ and ‘did not implement a bedtime routine every night’. 

Nightly bedtime routine dichotomization was chosen given the many positive effects of 

nightly routine implementation (i.e. decreased awakenings, longer sleep duration), 

compared to bedtime routines implemented less regularly. 

3.3.4. Statistical analysis  

Data were analyzed using IBM SPSS Statistics, Version 22.0 (Armonk, NY: IBM 

Corp.) and Mplus, Version 6.11 (Los Angeles, CA: Muthén & Muthén).  Descriptive 

statistics were run on demographics, sleep variables, and bedtime routine activities.  

Chi-square tests of independence were conducted to test for differences in 

maternal and household characteristics between mothers who completed a nightly 

bedtime routine and those who did not. Maternal characteristics of interest included the 

presence of depressive symptoms and marital, employment and education status. 

Household characteristics of interest were the presence of food, housing and energy 
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insecurity, as such factors have been related to poor health in toddlers,22,119,120 but have 

not been extensively explored in regards to toddler sleep.  

To investigate whether nighttime awakenings mediated the relation between 

implementation of a bedtime routine and toddlers’ nighttime sleep duration, a path 

analysis model, using a Poisson distribution, was tested using Mplus Version 6.11.121 The 

model controlled for toddler age, bed sharing and maternal education. These variables 

were important to control for, as nighttime sleep duration decreases as toddler age 

increases;4  mothers who share a bed with their toddler are more aware of toddler 

awakenings than mothers who do not bed-share;61 and maternal education may affect 

bedtime routine implementation, as mothers who are educated about routine importance, 

may be more likely to implement them.25,50 Mediation analyses were conducted using 

1,000 bootstrapped samples.90 Bootstrapping is a statistical technique that reduces type II 

errors and does not assume normality for the indirect effect. Significant results are based 

upon the 95% confidence interval not containing zero.90 

3.4. Results 

3.4.1. Description 

The final sample included 121 mother-toddler dyads (Table 4). Toddlers were a mean 

age of 28 months (SD = 11) and 49% were male. Nearly all mothers (95%) identified as 

African American, and 95% had public or no health insurance. The majority of mothers 

were not married (90%), and had a high school education or less (65%). Depressive 

symptoms were reported by 29% of mothers. Food insecurity was identified in 17% of 

households. More than one quarter of the sample experienced housing insecurity and 

close to one-third experienced home energy insecurity.  
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Table 4. Sample demographics of maternal-child dyads (n=121) 

 Mean ± SD N (%) 
Toddler Characteristics   
Age (months) 28.4 ± 11.0  
Sex (male)  58 (49.2) 
Race/Ethnicity   
   Black/African American  111 (94.9) 
   White  6 (5.1) 
Health Insurance   
      None  1 (0.8) 
      Public  111 (94.1) 
      Private  6 (5.0) 
Maternal Characteristics   

Age (years) 27.0 ± 5.5  

Marital Status   
Married  12 (10.2) 

Not Married  106 (89.8) 

High School Education or Less  76 (64.6) 
Unemployed  52 (44.1) 
Positive Depression Screen  34 (29.3) 
Household Characteristics   
Food Insecure  20 (16.9) 
Housing Insecure  29 (26.6) 
Home energy Insecure  21 (31.0) 
 

Descriptives of sleep variables of the sample are displayed in Table 5. Average 

bedtime was 9:15 pm, and toddlers slept an average of 540 minutes/night (9.0 

hours/night) and 645 minutes (10.8 hours) per 24-hour period. Over half of mothers 

(55%) reported implementing a bedtime routine every night. Only 30% of the sample did 

not share a room or a bed. The majority (96.6%) of toddlers experienced 0-3 

awakenings/night. Taking a bath, watching TV and having dinner or a snack before 

bedtime were the routines performed the most often in this sample.  
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Table 5. Toddler sleep characteristics and bedtime routines (n=121) 

 N (%) Mean ± SD 
Bedtime  9:15 pm ± 56 min 
Nighttime Sleep Duration (min)  540.0 ± 105.5 
24-hour Sleep Duration (min)  645.0 ± 124.0 
Bedtime Routine Every night 65 (55.1)  
Room Share 79 (66.9)  
Bed Share 52 (44.8)  
No Room or Bed Sharing 36 (29.8)  
Nighttime Awakenings (#)   

0-1/night 
 87 (73.7)  

2-3/night 
 27 (22.9)  

>3/night 4 (3.4)  
Occurrence of Nighttime Awakenings   

Never 40 (34.8)  
Couple Times/Month 11 (9.6)  
1-4 Nights/Week 21 (18.3)  
>4 Nights/Week 43 (37.4)  

Bedtime Routines   
Bath 87 (73.7)  
TV 64 (54.2)  
Dinner/Snack 57 (48.3)  
Play 33 (28)  
Brush Teeth 31 (26.3)  
Read 27 (22.9)  
Bottle 22 (18.6)  
Cuddle 13 (11)  
Say Prayers 11 (9.3)  
Rocked 9 (7.6)  
Run Around 9 (7.6)  
Listen to Music 8 (6.8)  
Sing Songs 6 (5.1)  
Give Drink  5 (4.2)  
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3.4.2. Differences in maternal and household characteristics for nightly bedtime 
routine versus no nightly routine groups 

Table 6 displays differences in maternal and household characteristics by nightly 

bedtime routine implementation versus no nightly routine. The presence of depressive 

symptoms was the only maternal characteristic significantly associated with nightly 

bedtime routine implementation (Χ2(1)=4.64, p<0.05). Of mothers experiencing 

depressive symptoms, 62% did not implement a bedtime routine. Two household 

characteristics differed significantly between those who implemented a nightly routine 

and those who did not. The presence of food insecurity was significantly associated with 

difference in nightly bedtime routine implementation (Χ2 (1)=6.13, p<0.05), with 70% of 

food insecure houses having no nightly bedtime routines. Similarly, housing insecurity 

was associated with a significant difference in nightly bedtime routine implementation 

(Χ2 (1)=4.68, p<0.05). Of the families experiencing housing insecurity, 62% had no 

nightly bedtime routine. 

Table 6. Differences in nightly bedtime routine implementation based on maternal and 
household characteristics (n=121) 

 Nightly Bedtime 
Routine (n=65 ) 

No Bedtime 
Routine (n=53) 

Χ2 p-value 

Maternal Characteristics N (%) N(%)   
Not married 58 (54.7) 48 (45.3) 0.06 0.81 
≤ High school education 42 (55.3) 34 (44.7) 0.01 0.96 
Not employed 25 (48.1) 27 (51.9) 1.38 0.24 
Depressive symptoms 13 (38.2) 21 (61.8) 4.64 0.03 
Household Characteristics      
Food insecure 6 (30.0) 14 (70.0) 6.13 0.01 
Housing insecurity 11 (37.9) 18 (62.1) 4.68 0.03 
Home energy insecurity 20 (66.7) 10 (33.3) 1.88 0.17 
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3.4.3. Relationship between bedtime routines and nighttime sleep duration through 
nighttime awakenings 

Prior to mediation, the direct relationship between implementing a bedtime 

routine every night and nighttime sleep duration was explored and found to be non-

significant (β = 29.2, SE = 19.5, p = 0.14).  Despite this non-significant relationship, 

mediation was still explored since an association between the independent variable 

(bedtime routine every night) and the dependent variable (nighttime sleep duration) is not 

a precondition to mediation.90 Through our mediation model, we found that 

implementing a bedtime routine was directly associated with fewer nighttime 

awakenings, controlling for child’s age, bed sharing, and maternal education (β = -0.67, 

SE = 0.20, p = 0.001). Each nighttime awakening was associated with 34 minutes less 

nighttime sleep (β = -34.21, SE = 13.13, p = 0.01). There was a significant indirect effect 

of nighttime awakenings on the relationship between bedtime routine implementation and 

nighttime sleep duration (β = 22.93, 95% CI = 7.41 to 47.04) (Figure 4).  These findings 

support the hypothesized mediation model such that the presence of a nightly bedtime 

routine was associated with few nighttime awakenings and long nighttime sleep duration 

in toddlers. 
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Figure 4. The mediating effect of nighttime awakenings on the relation between bedtime 
routine and nighttime sleep duration in toddlers, controlling for toddler age, maternal 
education, and bed sharing. 

Presented as estimate (SE), solid lines indicate significant path, dashed lined indicate 
non-significant path, *p <0.05.  
Mediation based on 1,000 bootstrapped samples. 
Indirect effect of bedtime routines on nighttime sleep duration through nighttime 
awakenings = 22.93 [95% CI 7.41 to 47.03]. 
 

3.5. Discussion  
The results of our study indicated that the presence of maternal depressive 

symptoms, housing insecurity, and food insecurity were associated with decreased 

likelihood of nightly bedtime routine implementation. Similar to previous studies, we 

also found that the relationship between bedtime routine implementation and long sleep 

duration may be a result of few nighttime awakenings.9 These findings extend prior 

research by finding such associations among low-income toddlers. It is important to note 
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that such a relationship was found in participants implementing a bedtime routine every 

night. Such distinction was made because nightly bedtime routines have been associated 

with earlier bedtimes, fewer number and duration of nighttime awakenings, longer 

nighttime sleep and more total sleep in 24-hours, compared to bedtime routines 

implemented less regularly.10,13,15 Such positive effects have been seen in as little as three 

consecutive nights of a routine.111 If a nightly routine can begin in toddlerhood, better 

sleep may persist as the child ages.15  

In comparison, Hale et al 200923 also looked at associations of child and family 

sociodemographic characteristics with bedtime routines in preschoolers. They found 

different maternal and household characteristics to be significantly related to consistency 

of bedtime routine implementation. Specifically, mothers who were Hispanic or Black 

and/or living in households that had a high number of people, were less likely to 

implement a consistent bedtime routine. No significant association between presence of 

maternal depressive symptoms, marital status, employment or educational status and 

consistency of routine implementation was found.23 This study extends the Hale et al 

200923 study by finding a relationship between presence of maternal depressive 

symptoms and nightly routine implementation, with a higher proportion of mothers 

reporting depressive symptoms not performing a nightly routine.  

This study also further explored household characteristics that make up the 

toddler’s sleep environment. Food, housing and energy insecurity have all been 

associated with poor health outcomes in low-income toddlers, making it intuitive that 

they would have a similar affect on sleep health.22,119,120 These findings add to the 

literature by suggesting that factors associated with low SES (presence of maternal 
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depressive symptoms, food insecurity and household insecurity) may negatively impact 

the sleep environment and be associated with poor sleep quality because of decreased 

likelihood of bedtime routine implementation. Such explanatory factors need to be 

uncovered in order to develop tailored programs and interventions surrounding sleep 

duration and quality in toddlers of low-income families.110  

Sleep characteristics identified through the BISQ further contribute to sleep 

research in low-income toddlers. Despite more than half of our sample completing a 

nightly bedtime routine and our main finding that bedtime routine implementation was 

associated with decreased awakenings, and ultimately longer nighttime sleep, toddlers in 

our sample only slept an average of 9 hours/night (540 minutes) and 10 hours and 45 

minutes (645 minutes) in a 24-hour period (Table 5). This is below the National Sleep 

Foundation’s recommendation that toddlers sleep 11-14 hours in a 24-hour period. 

Additionally, it is recommended that toddlers go to bed no later than 9 pm. About one 

quarter of the sample were reported to go to bed at least an hour later than 9 pm, with 

only 15% going to bed at least an hour before 9 pm (mean = 9:15 pm; range: 7:30 pm – 

1:00 am). Given that these are parental report data, it is possible that actual bedtimes and 

total sleep times differ from those reported in this study, with toddlers likely going to bed 

later and getting less sleep than reported, since parents often overestimate sleep duration 

and underestimate bedtimes.35,111   

3.5.1. Limitations and future directions 

There are several limitations in this study. First, analyses were based on maternal 

report of toddler sleep using the BISQ. Prior research has found that mothers often 

overestimate toddler sleep duration and underestimate their number of awakenings at 
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night.35,79 This study also lacked the ability to measure day-to-day sleep variability. Using 

the BISQ, mothers reported their toddler’s average sleep duration, quality and routines 

based on the past two weeks. There is no way of knowing whether such reports of sleep 

were typical for the toddler, or how much their day-to-day sleep patterns might vary. 

Moreover, it is unclear which specific routines, if any, are associated with decreased 

nighttime awakenings or increased sleep duration. In regards to the CHW survey, housing 

characteristics and maternal characteristics, such as depressive symptoms, have been 

related to children’s health indicators,119 but may be subject to reporting bias.119 Finally, 

given the cross-sectional nature of the CHW survey and the BISQ, causal relationships 

cannot be identified.118,119  

Future studies need to further explore sleep deficiencies among toddlers and consider 

the multifactorial components of SES, including maternal and household characteristics. 

Such characteristics need to be considered when creating nightly bedtime routine 

interventions. It is unclear if a dose-dependent bedtime routine intervention15 would be 

successful in this population, given the potential negative household factors affecting 

toddlers’ sleep environment and mothers’ ability to deliver those interventions. 

Additionally, it is important to consider how much specific components of bedtime 

routines are contributing to decreased awakenings and longer sleep duration as they may 

be just as important as how often the routine is being implemented.4,122 Objective 

measures such as actigraphy should be employed in future intervention studies,35 and 

longitudinal designs would allow for the exploration of potential causal pathways and 

mechanisms contributing to sleep disparities.110 Ultimately, identifying specific routines 

that are feasible to adhere to in poor sleep environments, and that best predict decreased 
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awakenings and increased sleep duration, will not only further support the relationships 

identified in this study, but will potentially lead to better sleep outcomes and decreased 

sleep deficiencies and ultimately disparities in this underserved population. 
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4. The Use of Actigraphy and Sleep Diary as Measures of Toddler Sleep in an 
Urban, Low-income, Minority Population  

4.1. Abstract 
 
Introduction: Sleep plays an important role in children’s physical growth, behavior and 

emotional development. The National Sleep Foundation recommends that toddlers get 

between 11-14 hours of sleep per 24 hours, and go to bed no later than 9 pm. The purpose 

of this study was to explore toddler sleep in a low-income population using sleep diaries 

and actigraphy, and to compare these measures. We hypothesized that this sample would 

not meet the National Sleep Foundation Recommendations and that there would be 

limited agreement between sleep diaries and actigraphy. 

Methods: A convenience sample of mother-toddler dyads were recruited and an 

actigraph was placed on the toddler’s ankle and worn consecutively for three days. 

Mothers completed a sleep diary simultaneously. Bedtime, nighttime sleep duration, 

number of naps, nap duration and 24-hour sleep duration were collected by both 

measures. Actigraphy data were analyzed using a combination of manufacturer scoring 

algorithm and custom editing. Descriptive statistics and paired samples t-tests were 

conducted to examine differences between sleep estimates by sleep diary and actigraphy 

for each of the three days separately and then for the mean of all three days.  

Results: Twenty toddlers were included in analyses. Only one toddler went to bed before 

9 pm on all three nights. Six participants received at least 11 hours of sleep in a 24-hour 

period for one of the three days, but when sleep was averaged across the study, none 

achieved this goal. Compared to actigraphy, sleep diaries underestimated bedtime by an 

hour, overestimated nighttime sleep duration by 2.5 hours, and overestimated 24-hour 

sleep duration by 2.25 hours, on average for all three nights.  
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Conclusions: Many toddlers had fragmented sleep and their sleep varied substantially 

from day to day, indicating a lack of consistent sleep schedules and routines.  These 

findings are concerning given the growing prevalence of sleep deficiencies.  
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4.2. Introduction 
 

Sleep plays an important role in children’s physical growth, behavior and 

emotional development.1 Childhood sleep/wake patterns evolve and consolidate rapidly 

during the early years of life. Changes include longer nocturnal sleep 

duration, less daytime sleep, and less total 24-hour sleep as circadian rhythms are 

developing.2-4 The National Sleep Foundation recommends that toddlers get between 11-

14 hours of sleep per 24 hours, and go to bed no later than 9 pm.34,35 Given the growing 

awareness of the role sleep plays in toddler development, it is imperative that sleep 

assessment is accurate.  

4.2.1. Measurement of sleep in toddlers 

Polysomnography is the gold standard of sleep assessment across the lifespan.123 

It is conducted in a sleep laboratory under standardized conditions and simultaneously 

measures multiple bodily activities, with the aim of accurately determining sleep 

duration, sleep staging and sleep-related respiratory disturbances. This test is not ideal for 

toddlers as it requires them to be out of their normal sleep environment, and it does not 

allow for daytime sleep measurement, which is necessary given toddler napping.123 

Videosomnography is another objective measure that allows for sleep monitoring at 

home, however, it introduces privacy concerns and is limited by sleep location and 

position.123 Actigraphy is a commonly used objective sleep measure in toddlerhood and is 

conducive to studying community samples over multiple days, given its non-intrusive 24-

hour monitoring and relatively low cost.123 Threats to validity exist for actigraphy 

because it is a single channel measure (movement). Artifacts arise when the device is 
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removed, when there is motionless wakefulness (i.e sitting in a car seat, stroller, or on the 

couch)123 or external motion during sleep (i.e. sleeping in a moving car). 

Sleep diaries are often used in conjunction with actigraphy to help identify and 

exclude artifacts.6 When completed by parents of young children, they can help to 

identify times when the actigraph is off of the toddler or when the toddler is taking a 

nap.123 Diaries are often criticized, however, for their reliance on parents’ awareness of 

the childs’ sleep and signaling of awakenings.37 Together, sleep diaries and actigraphy 

have proved to be a reliable and valid measure of toddler sleep.37,124 These reliability and 

validity studies, however, are often conducted among homogeneous, high-income, highly 

educated, and predominantly Caucasian samples in which young children tend to have 

predictable sleep patterns. Among such samples it has consistently been found that sleep 

diaries often overestimate sleep duration,37,55,56,124,125 and underestimate bedtimes and 

nighttime awakenings.55,56 The accuracy of sleep diary and actigraphy measurement in a 

low-income, minority population has not been extensively studied. It is unclear if parents 

from a low socioeconomic status (SES) would have similar over- and underestimation of 

their toddler’s sleep outcomes. Parents living in low SES households have been found to 

over/under report negative child health outcomes.22 Reporting discrepancies among low-

income, urban populations may be related to the overwhelming nature of other burdens 

they are faced with on a day-to-day basis such as the stress of being behind on bills, 

skipping meals, and/or moving from house to house.22,126  

4.2.2. Sleep deficiencies 

Identifying the best way to measure sleep in low-income toddlers is essential to 

better understand and study sleep deficiencies. Sleep deficiencies include inadequate 
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sleep duration, poor sleep quality, fragmented sleep times, and sleep/circadian 

disorders.18 Relationships between poor sleep quality and short sleep duration, and low 

SES50,127 and African American race23,24 have been observed in young children. Both 

poor sleep quality and short sleep are indicative of deficient sleep. Moreover, such sleep 

deficiencies extend past toddlerhood, into late childhood, adolescence and ultimately 

adulthood and may lead to poorer health outcomes, 25,110 including increased rates of 

obesity29, cardiovascular disease30, type 2 diabetes,31 hypertension,32 and ultimately total 

mortality.33 Given the important role of sleep for overall health and wellbeing, it is 

essential that these sleep deficiencies be explored further in young childhood, the time of 

life where sleep hygiene and sleep duration are most modifiable.25,108,110  

The purpose of this study was to explore toddler sleep in an urban, low-income, 

minority population using sleep diaries and actigraphy, and to compare these measures. 

We hypothesized that this sample would not meet the National Sleep Foundation 

recommendations of 11-14 hours of sleep in a 24-hour period and a bedtime no later than 

9:00 pm. We also hypothesized that there would be limited agreement between sleep 

diaries and actigraphy on sleep variables of interest: nighttime sleep duration, number of 

naps/day, nap duration/day and 24-hour sleep duration.  

4.3. Materials and methods 

4.3.1. Participants 

A convenience sample of biological mothers and their toddler aged 12–47 months 

were recruited through their participation in Children’s HealthWatch (CHW), an ongoing 

study that monitors the health and well-being of low-income infants and toddlers in the 

United States. Mothers were excluded if they did not speak English or live in the same 
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household as their toddler, or if they were not a resident of the state. Toddlers were 

excluded during a period where they were acutely ill as determined by the following 

criteria: 1) any breathing difficulties, (2) localized pain—i.e. earache, abdominal pain or 

other pain not normally present (3) fever (≥100.4 F oral/101.4 F rectal), and (4) illness-

associated decreased fluid intake reported by the mother. Biological mothers were 

included if they completed the CHW survey, had a toddler and if said toddler was not 

acutely ill per the above exclusion criteria. Toddlers were able to participate at a later 

date once they were no longer acutely ill.  

4.3.2. Procedures 

Participants were recruited from a major urban medical center and satellite urban 

pediatric primary care clinic. Both sites serve low-income families. Data were collected 

between June 2016 and June 2017. This study was approved by both the Maryland state 

and University of Maryland Baltimore Institutional Review Boards. Parental written 

informed consent was obtained prior to data collection. Questionnaires were completed 

and training on use of the actigraph and sleep diary were conducted with mothers at the 

time of recruitment. Toddlers wore the actigraph for three consecutive days at home and 

mothers completed sleep diaries simultaneously.  

4.3.3. Measures 

Mothers completed the CHW survey which includes questions about the mother’s 

and child’s household, living arrangement, demographics, public assistance program 

benefits such as Women Infant’s and Children (WIC), child’s health status and 

developmental risk factors, and mother’s health and depressive symptoms.  
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Sleep was measured with an actigrapraph (Actiwatch 2 (AW2), Philips, Inc., 

Murrysville, PA), a waterproof, battery operated watch-size device containing an 

accelerometer that measures movement. Sleep measures are derived through an algorithm 

that estimates sleep and wake using activity counts generated by movement.6 An event 

marker button on the actigraph can be pressed to mark specific events such as the start 

and end of a rest period. Light levels are also measured. The AW2 has been reported to 

have good to high agreement (85%-94%) with polysomnography in infancy and 

toddlerhood.55 An actigraph was placed on the toddler’s ankle127 and worn continuously 

for 72-hours (including bath time). Three days and nights of continuous actigraph 

monitoring has been shown to be adequate to obtain valid sleep data in toddlers, and is 

less burdensome for mothers.37 Mothers were instructed to press the event marker button 

at bedtime and wake time, and at the start and end of nap periods each day. Mothers were 

compensated with $40 cash for their participation in the study. 

Nighttime sleep duration, sleep efficiency, number of naps, nap duration and 24-

hour sleep duration were the sleep parameters collected for this study. Table 7 displays 

measurement criteria for these variables for both actigraphy and sleep diaries.  
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Table 7. Sleep parameters measured by actigraphy and sleep diary 

Variable  Actigraphy  Sleep Diary 
Bedtime Time toddler put into bed at 

night indicated by pressing of 
marker button and cross-
checked by decrease in light 
level. 

What time did you put 
your child to bed for the 
night? 

Nighttime sleep duration  Minutes of sleep between 
sleep onset and morning 
awakening (sleep offset). 

Minutes of sleep between 
bedtime and wake time. 

Sleep efficiency  Total minutes scored as 
nighttime sleep divided by the 
total minutes from sleep onset 
to sleep offset, as a percent.  

N/A 

Number of naps Number of sleep periods of at 
least 20 minutes duration 
from sleep onset to sleep 
offset that occurred at least 
one hour after nighttime sleep 
offset and ended one hour 
prior to next night’s sleep 
onset.  

Number of nap(s) your 
child took during the 
day. 

Nap duration  Total minutes of all naps 
during the 24-hour period. 

In total (all together) 
how long did your child 
nap? 

Total 24-hour sleep 
duration  

Nighttime sleep duration plus 
nap duration. 

Nighttime sleep duration 
plus nap duration. 

4.3.4. Actigraph analysis 

Inclusion criteria for actigraphy data were a minimum of two days of actigraphy 

recording for a participant, with a minimum of 21-hours of actigraphy recording in any 

24-hour day. Automatic scoring of sleep variables using the manufacturer’s default 

scoring algorithm was applied (Philips Respironics Actiware, version 6.0.9, medium (40) 

activity count threshold)55 and manually edited using a set of scoring rules developed for 

this study to reduce artifact. Default algorithms identify sleep and rest periods on 

actograms based on lack of movement. Such pre-identified rest and sleep periods often 
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have to be adjusted during manual data editing to better align with the sleep diary data, 

marker button pressings and light levels. Scoring rules, based on other studies using 

actigraphy in young children,37,56-59 were created a priori and then adapted to best identify 

sleep and wake periods on the actograms. The rules identified in the literature and the 

subsequent adaptations are presented in Table 8. Reasoning behind adaptations is also 

presented. 
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Table 8. Actigraphy scoring rules 

Actigraphy Analysis Rules Based on 
Previous Literature  

Adaptation of Rule to fit low-income sample 

High sensitivity threshold set at 80.128 High sensitivity threshold set at 40 so that sleep 
was not over estimated and scored incorrectly as 
sleep when the child is clearly awake. 

The clock time of the start of a recording for 
each 24-hour ‘day’ will be a clock time that 
follows nighttime sleep offset and precedes 
the onset of first nap period. The aim will be 
to assign a standardized time for the entire 
sample, but if no common start time can be 
found because of irregular sleep schedules 
that do not fit these criteria, then each 
participant will be assigned a unique start 
time based on their individual sleep pattern. 
The start time will be defined after reviewing 
actograms of all participants.56  

No common start time found because of irregular 
sleep schedules. Start times individualized for 
each participant.  

Sleep onset defined as the first five 
consecutive epochs (minutes) scored as 
sleep.56,127  

Sleep onset defined as the first ten consecutive 
epochs (minutes) scored as sleep so sleep was not 
overestimated. 

When there was one or more consecutive 
minute(s) with activity counts greater than 
100, that epoch is considered to be the start 
of the awakening.128  

An awakening during sleep is defined as five or 
more consecutive epochs (minutes) scored as 
wake (or with an activity count >100), following 
sleep onset and preceding a return to sleep before 
final sleep offset, so awakenings not 
overestimated. 
 

A return to sleep during the sleep period is 
defined as the first of five consecutive 
epochs (minutes) of sleep following five or 
more consecutive epochs (minutes) scored as 
wake.56  

A return to sleep during the sleep period is 
defined as the first of ten consecutive epochs 
(minutes) of sleep following ten or more 
consecutive epochs (minutes) scored as wake, so 
that sleep not overestimated. 

A nap is defined as any sleep period of at 
least 20 minutes from sleep onset to sleep 
offset that occurs between 9 am and 5 pm.129  

A nap is defined as any sleep period of at least 20 
minutes from sleep onset to sleep offset that 
occurs at least one hour after nighttime sleep 
offset and one hour prior to the next night’s sleep 
onset. Participants were napping outside of 9 am 
– 5 pm time restriction. 

Actigraph non-wear (off-ankle) time is any 
period during which there are no more than 
two epochs (minutes) with activity counts 
greater than zero during a period of 20 
consecutive epochs (minutes).129  

More than 58/60 epochs (minutes) scored as zero 
activity indicates off-wrist.130 Otherwise, too 
much excluded data when child clearly sleeping. 

 

In addition to the rules identified in Table 8, for children who woke up for long 

periods during the night and went back to sleep, such wake periods were counted as a 
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single sleep period. If the wake periods were instead treated as true awake time, it would 

appear as if the child was taking extended naps at night rather than having fragmented 

sleep. Prior literature has not identified such sleep fragmentation in their samples, which 

is most likely why rules do not exist surrounding its analysis. Current actigraphy analysis 

rules were created among high-income, Caucasian samples56,127-130, and no previous 

studies analyzed and scored actograms in low-income samples. Such findings resulted in 

the necessary adaptations of scoring rules, as shown in table 8. 

In addition to scoring rules, the sleep diaries, light levels, and marker button 

pressings were used to help identify bedtime, wake time and the beginning and end of 

nap times. The child’s pattern of sleep and wake across the recording period was also 

taken into account during manual data editing. Two researchers (LC and VR) scored 

actigraphy data independently and inter-rater reliability testing was conducted between 

their scores using Kappa reliability statistic, with acceptable reliability set at kappa 

>0.60.60 If acceptable reliability was not reached, each actogram would be reviewed 

together and final edits were by consensus.  

4.3.5. Statistical analysis 

Data were analyzed using IBM SPSS Statistics, Version 22.0 (Armonk, NY: IBM 

Corp.). Descriptive statistics were run on both toddler and maternal characteristics. 

Toddler characteristics of interest included toddler age, sex, race and health insurance 

status. Maternal characteristics included age, and marital, education and employment 

status. Sleep variables of interest included bedtime, nighttime sleep duration, sleep 

efficiency, number of naps/day, nap duration/day, and 24-hour sleep duration (Table 7). 

Paired samples t-tests were conducted to examine significant differences between sleep 
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estimates of the sleep diaries versus actigraphy for each of the three days separately and 

then for the mean of all three days. Despite the small sample size, all assumptions were 

met for conducting a paired samples t-test. 

4.4. Results 

4.4.1. Sample description  

Thirty-six mother-toddler dyads were recruited, and 33 participated, however only 

20 toddlers had valid sleep data and were included in the sleep analyses. Of the 13 

participants that were excluded, one had an actigraph failure, five did not wear the 

actigraph, five did not have 21 hours of data in a 24-hour period and/or two did not have 

two complete days of actigraphy recording. Of included participants, two were missing 

sleep diary data and six had only two days of usable actigraphy data, but were included in 

analyses. 

Of the 20 participants included in the sleep analyses, nearly all (95%) 

mothers/toddlers identified as African American, and 95% had public or no health 

insurance. Toddlers were a mean age of 25.9 months (SD = 11.2 months) and 57.9% 

were male. Mothers were a mean age of 25.8 years (SD=5.0), 89.5% were not married 

and over half (52%) had a high school education or less (Table 9).  
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Table 9. Sample description (n=20) 

 Mean (SD) N (%) 
Toddler Characteristics   
Age (months) 25.9 (11.2)  
Sex (male)  11 (57.9) 
Race/Ethnicity   
   Black/African American  18 (94.7) 
   White  5 (5.3) 
Health Insurance   
      None  5 (5.3) 
      Public  17 (89.5) 
      Private  5 (5.3) 
Maternal Characteristics   
Age (years) 25.8 (5.0)  
Marital Status   

Married  10 (10.5) 

Not Married  17 (89.5) 

High School Education or Less  10 (52.6) 
Unemployed  10 (52.6) 

 

4.4.2. Sleep measured by actigraphy 

Poor inter-rater reliability was found between the two scorers (kappa -0.006-

0.106) across all sleep variables of interest for all three days, so each actogram was 

reviewed together until final consensus was reached.  

 There was substantial day-to-day variability across the three days of actigraphy 

measurement for all sleep measures, suggesting inconsistency in children’s daily routines. 

Only two toddlers had a consistent bedtime (±30 minutes) over the three days and only 

one went to bed before 9 pm on all three nights. Only two participants had consistent 24-

hour sleep duration (±30 minutes) across all three days. These participants were different 

from the two participants who had consistent bedtimes. Six participants met the National 
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Sleep Foundation recommendation of 11-14 hours of sleep in a 24-hour period, for one of 

the three study days, but when sleep was averaged across the study, none achieved this 

goal. 

Across the entire sample, as measured by actigraphy, mean bedtime for toddlers 

was 10:54 PM, which is later than the National Sleep Foundation recommended bedtime 

of 9:00 PM35 (Table 9). Mean nighttime sleep duration was 454 minutes (7.5 hours), 

mean 24-hour nap duration was 113 minutes, with toddlers taking on average 1 nap per 

day, and mean 24-hour sleep duration was 549 minutes (~9 hours) (Table 10). 

Table 10. Difference in sleep estimates between sleep diary and actigraphy 

 
1Mean difference between sleep diary and actigraphy estimates (sleep diary – actigraphy 
estimates) 
2Paired t-test conducted to determine significant difference between sleep diary and 
actigraphy estimates 
3Time toddler put into bed at night 
4Nap duration = total duration of all naps taken in a 24-hr period 
5p<.05 (2-tailed,), 6p<.001 (2-tailed) 

 Diary Actigraphy  Difference 
Day 1 (n = 20) Mean (SD) Mean (SD) Mean (SD)1 T(df)2 
Bedtime (hour:min)3 21:52 (1:35) 22:47 (1:41) -00:55 (1:27) -2.6(16)5 

Nighttime sleep duration (min) 591.2 (86.4) 440.4 (48.5) 150.8 (104) 6.0(16)6 

Naps (#) 0.9 (0.7) 1.2 (0.6) -0.4 (.7) -1.8 (13) 
Nap duration (min)4 65.4 (78.6) 76.8 (42.5) -11.4(96.4) -0.5 (16) 
24-hour sleep duration (min) 657.4 (150.4) 517.2 (56.6) 140.2(164.8) 3.5(16)5 

Day 2 (n = 20) Mean(SD) Mean(SD) Mean (SD) T(df) 
Bedtime (hour:min)3 21:11(1:22) 22:46(2:09) -1:35 (1:59) -3.3(16)5 

Nighttime sleep duration (min) 641.8(104.4) 468.6(105.5) 173.2(129.3) 5.4(15)6 

Naps (#) 1.0(0.7) 1.4(0.7) -0.4(0.7) -1.8(12) 
Nap duration (min)4 78(82.8) 101.8(81.8) -23.8(115.1) -0.9(16) 
24-hour sleep duration (min) 723.5(180.5) 576.3(116.1) 141.2(217.4) 2.7(15)5 

Day 3 (n = 14) Mean(SD) Mean(SD) Mean (SD) T(df) 
Bedtime (hour:min)3 22:05(1:12) 23:06(2:06) -1:00(2:25) -1.5(11) 
Nighttime sleep duration (min) 600(118.2) 440.3(104.2) 159.7(146.1) 3.5(9)5 

Naps (#) 0.9(0.6) 1.2(0.5) -0.3(0.5) -2.1(13) 
Nap duration (min)4 79.5(74.7) 94.5(42.6) -15(83.2) -0.7(15) 
24-hour sleep duration (min) 686.5(161.2) 532.8(102.7) 153.7(186.2) 2.6(9)5 

Overall Average Mean(SD) Mean(SD) Mean (SD) T(df) 
Bedtime3 21:44(1:15) 22:54(1:37) -1:10(1:41) -2.9(16)5 

Nighttime sleep duration (min) 604(87.6) 454(52) 150.8(107.1) 5.8(16)6 

Naps (#) 1(0.6) 1.1(0.8) -0.1(0.5) -0.6(10) 
Nap duration (min)4 87.1(76.9) 113(106.1) -25.9(105.1) -0.8(11) 
24-hour sleep duration (min) 684.5(156.4) 548.8(54.9) 135.7(179.8) 3.1(16)5 

!
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Figure 5 displays the variability in nighttime sleep duration, 24-hour sleep 

duration, and sleep efficiency, measured by actigraphy, for each toddler. Per Figure 5, 

nighttime sleep and 24-hour sleep duration varied between the three nights for each 

toddler and varied between all toddlers in the sample. Such differences in day-to-day 

duration suggests inconsistency in toddlers’ day routines. Mean sleep efficiency was 80% 

(range 68.8% to 91.1%) across the three days, and figure 5 displays its day-to-day 

variability and differences between participants. Sleep efficiency greater than 80% is 

considered normal.6 This sample’s mean efficiency was exactly 80%, which may be 

indicative of how fragmented sleep is in this population.  
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Figure 5. Day-to-day variability across 3 days (a) Nighttime sleep duration, (b), 24-hour 
sleep duration, (c) Sleep efficiency. 
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Figure 6 shows an actogram of a toddler who has particularly poor sleep patterns. 

The actogram of a participant who has more typical toddler sleep patterns is also shown 

for comparison. 

(a) 

 

(b) 

 
Figure 6. Actogram comparison of two participants. 

Actogram (a) is a 3.5 year old who had reasonable bedtimes across the three days (7:15 
pm, 9:00 pm, and 9:15 pm). Few naps were taken which is expected of an older aged 
toddler. Actogram (b) is a 20 month old whose bed times were inconsistent and got later 
every night (1:30 am, 2:30 am, and 4:00 am). Naps were also sporadic throughout the day 
and not consistent in their length from day-to-day. Each row represents a 24-hr period. 
Black lines indicate activity, with more vigorous activity being shown through lines of 
higher amplitude and density. The yellow lines represent light exposure. Light blue 
blocks indicate rest (lighter blue) or sleep (darker blue), and purple (a) indicates periods 
excluded from the analysis, most likely due to the watch being off the toddler.  
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4.4.3. Comparison of sleep variables between actigraphy and sleep diary 

Table 10 shows the significant differences between sleep diary and actigraphy 

estimates on bedtime, nighttime sleep duration, and 24-hour sleep duration across all 

three days. On average over the three days, compared to actigraphy, sleep diary-reported 

toddler bedtimes were underestimated (estimated to be earlier) by an hour (t16=-2.9, 

p=.011).  Sleep diaries overestimated nighttime sleep duration by 150 minutes (t16=5.9, 

p<.001), on average across the three days. Total 24-hour sleep duration was also 

overestimated by the sleep diaries compared to actigraphy, on average, by 135 minutes 

(t16=3.1, p=.007). 

4.5. Discussion 
 

We found that this sample overall was not meeting National Sleep Foundation 

recommendations for this age group of 11-14 hours of sleep in a 24-hour period34 and 

bedtimes before 9:00 PM.35 Many toddlers had fragmented sleep and their sleep varied 

substantially from day-to-day, indicating a lack of consistent sleep timing and routines.  

Such findings are concerning given the effect of inadequate sleep on behavioral, 

emotional and cognitive functioning.46,47   

The results of this study also showed that in this low-income, minority sample, 

sleep diaries yielded significantly different sleep results compared to actigraphy, with 

parent overestimation of sleep and misperception of earlier bedtimes for their toddlers 

than measured by actigraphy. This implies that sleep diaries may not be the best tool to 

measure sleep in this population.  

Many other studies conducted among young children have found similar 

discrepancies between sleep diaries and actigraphy.  Sleep diaries often identify earlier 



	  
	  

 
	  

70 

sleep onset, later sleep offset, longer sleep duration (both overnight and 24-hour), better 

sleep efficiency and fewer nighttime awakenings compared to actigraphy.37,55,56 Such 

differences in the two measures have been found among many races, ethnicities and 

SES.110 Discrepancies suggest that mothers may not be aware of their child’s awakenings, 

particularly in toddlerhood, where toddlers are learning to self-sooth and return back to 

sleep on their own. If toddlers do not signal to mothers that they have awakened, mothers 

may not know of the awakening and underestimate the number of awakenings that occur 

during the night. Given that 55% of this sample was bed and/or room sharing, however, 

mothers may be more aware of nighttime awakenings than other populations in which co-

sleeping is not as prevalent. This indicates that there may be other reasons that mothers in 

this sample are not accurately assessing their child’s sleep, which needs to be explored 

further in future studies. Sleep onset may also vary in toddlers, as they are often put to 

bed still awake and are learning how to soothe themselves to sleep.37,55 Given these 

developmental changes during toddlerhood, many mothers may be unaware of their 

toddler’s precise sleep onset, sleep offset and potentially nighttime awakenings.  

 Actigraphy is considered an objective measure of sleep, yet relies on collateral 

information to help differentiate sleep versus artifact. Our lack of reliable sleep diary data 

and missing data from other collateral sources such as event marker presses, made 

interpreting actigraphy output of our sample difficult. Only one-quarter of mothers 

pressed the marker button to indicate their toddler’s sleep as instructed. Similarly, many 

mothers reported in the diary that they never removed the actigraph during the study; 

however, off-ankle time was present when measured by our scoring rules. As toddlers are 

active sleepers,127 it would be unlikely to find as few as two epochs (minutes) with 
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activity across 60 consecutive minutes if they were wearing the actigraph. Additionally, 

six participants only had two valid days of sleep data, and many did not have three 

complete days of actigraphy data. Many of the validated rules for actigraphy scoring 

found in previous literature did not work well in this population. Final rules had to be 

adapted to best determine sleep/wake in this low-income sample, as displayed in table 8.   

 The discrepancies between sleep diary and actigraphy measurement raises the 

question of what is the best way to measure sleep in this population. It is possible that 

actigraphy and sleep diaries do not measure the same aspects of sleep, given that sleep 

diaries tap into the mother’s perception of the toddler’s sleep, whereas actigraphy 

measures the motor activity of the toddler.37 Therefore, the measures can be used for 

different purposes. Sleep diaries may be helpful in determining how aware and in tune 

mothers are with toddlers’ sleep and may help identify possible sleep problems in 

toddlerhood.61 Actigraphy may be more appropriate for prolonged measurement and 

better understanding of toddlers’ sleep patterns.125 Additional research is needed in 

developing appropriate scoring rules for analyzing actigraphy data in low-income, 

minority toddlers, many of whom have inconsistent sleep patterns and timing, as well as 

sleep habits that contribute to poor sleep quality (e.g. sleeping with the light on, falling 

asleep watching television and being carried to bed, co-sleeping).  

4.5.1. Lessons learned  

 Collecting data among this low-income population presented challenges. 

Participants were eager to take part in the study and agreeable to the many 

responsibilities of participation. They were willing to keep the actigraph on their toddler 

(as long as the toddler was agreeable to this), fill out the sleep diary both day and night, 
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and press the marker button when they put the child in and out of bed. Mothers were 

called or texted nightly, around the toddler’s bedtime, and reminded to fill out the sleep 

diary and press the marker button. Despite these nightly reminders, only 25% of mothers 

pressed the marker button as instructed, and only 50% of mothers filled out the sleep 

diary correctly. Retrieving the actigraphs after data collection was difficult. Many 

mothers worked multiple jobs or did not have access to transportation, resulting in a 

delay in actigraphy and diary retrieval. 

 The above obstacles need to be considered in future data collection among a 

similar population. In the future, a qualitative approach could be added to the sleep diary 

and actigraph recordings. A short semi-structured interview could be conducted with the 

mothers, after bedtime or the following morning, asking what happened in the hour 

before bed, the approximate time the child was put into bed, and if it was a typical 

bedtime routine or night of sleep for the child. Such an interview may help with limiting 

missing data from sleep diaries.  

4.5.2. Limitations and future directions 

Given the pilot nature of this study, the results are exploratory and must be 

interpreted in the context of the study’s limitations. The small sample size limited our 

ability to fully explore associations between variables. It was unexpected that such a large 

number of participants would need to be excluded from the analyses. Future studies 

should consider techniques to improve adherence to the study protocol and ensure 

accurate actigraph wear-time, such as ankle bands that cannot be easily removed (i.e. 

hospital-type bands with a permanent clasp instead of buckle-type bands) and incentive 

programs for keeping the actigraph on for the entire duration of the study. Additionally, 



	  
	  

 
	  

73 

our findings have limited generalizability to toddlers in general, given the sample was 

nearly entirely low-income and African American. Actigraphy and sleep diary data were 

collected over only three days, rather than the preferred seven consecutive days, which 

severely limited the number of days of usable data when a day had to be discarded due to 

compliance or technical issues, as well as limiting the reliability and validity of our sleep 

variable estimates,131 and potentially increasing measurement error.55 Given that our 

intention was not to diagnose sleep disorders or to specifically evaluate the 

reliability/validity of the measures, our decision to use three days was justified and 

reduced participant burden. Finally, it has been established that actigraphy overestimates 

the amount and duration of nocturnal awakenings in young children,127 therefore some of 

our sleep variables may have been inaccurately estimated. For example, sleep duration 

may have been underestimated. 

 Overall, this sample of low SES, African American children showed potentially 

serious sleep fragmentation and chronic sleep deprivation, which needs to be explored in 

future research, due to the developmental and health ramifications of poor sleep in young 

children. Developing validated and reliable sleep measures tailored to this population is 

paramount to measuring sleep deficiencies and success of interventions to improve sleep. 

This includes the establishment of appropriate scoring rules for actigraphy in low SES, 

African American toddlers.  
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5. Discussion, Implications and Recommendations 
 
 This dissertation explored the relationship between toddler sleep and maternal 

sleep/mental health in low-income families at risk for sleep disparities. Chapters 2, 3, and 

4 are three manuscripts addressing the specific aims of the dissertation. This final chapter 

provides a summary of major findings, overall strengths and limitations of the studies, 

implications for clinical practice and future research directions.  

5.1 Summary of findings 
 
 The overall findings of this dissertation add to the existing literature and support 

the transactional model, which examines the mother-toddler dyad and describes the 

ongoing dynamic interactions and bidirectional influences between mother and toddler 

sleep, and their sleep environment.48 In the first study, reported in chapter 2, we found 

that maternal perception of toddler sleep problems is related to maternal mental health 

symptoms, mediated through maternal sleep duration. This relation only held true when 

the mother-toddler dyad were co-sleeping, which appeared to strengthen the negative 

association between perceived toddler sleep problems and maternal sleep duration. These 

findings relating child sleep problems to maternal mental health are consistent with 

previous literature across infants and toddlers.16,20,28,39,40,65 Our results add to the literature 

by finding such associations among low-income toddlers. The transactional model 

suggests that such findings are concerning given that maternal factors, such as mental 

health, can affect parenting and ultimately the health, sleep and well-being of 

toddlers.28,132  

In the second study, reported in chapter 3, environmental factors were explored in 

relation to bedtime routine implementation. We found that families who were 
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experiencing food and housing insecurity were less likely to implement a nightly bedtime 

routine. These findings are significant as food insecurity, housing insecurity and maternal 

depressive symptoms are highly prevalent in low-income families, compared to their 

higher income counterparts.118 Such factors have been found to have negative 

consequences across multiple aspects of low-income families. Finding that these 

environmental and maternal factors may also negatively relate to toddler sleep can be 

explained by the transactional model.  The relationship found between food insecurity, 

housing insecurity, maternal depressive symptoms and bedtime routine implementation is 

a novel finding in low-income toddler sleep research. Identifying factors that put low-

income toddlers at risk for sleep disparities is necessary in a population that is 

experiencing fragmented and poor quality sleep (i.e. sleep deficiencies).  

In the third study, reported in chapter 4, we found that the majority of this sample 

was not meeting the National Sleep Foundation recommendation of 11-14 hours of sleep 

in a 24-hour period.34 Additionally, when sleep was measured objectively using 

actigraphy, only one toddler went to bed before 9 pm35 on all three nights of data 

collection. Such findings are extremely concerning for a population who is already at 

greater risk for poor health outcomes.17 Getting inadequate sleep during a time of rapid 

physical and mental development may further contribute to low-income toddlers’ risk of 

lifelong health problems. We also found sleep measurement by actigraphy was 

significantly different than maternal sleep diary estimates. Sleep diaries estimated toddler 

bedtimes to be approximately one hour earlier than actigraphy estimates. Sleep diaries 

overestimated 24-hour sleep duration by an hour 15 minutes compared to actigraphy. 

This highlights the need for objective measures of sleep, such as actigraphy, when 
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assessing sleep in this population. If we had relied solely on sleep diary estimates of sleep 

outcomes, our results would not have been as alarming, or as enlightening of the sleep 

patterns that appear to be common in low-income, African American toddlers. Based on 

sleep diary estimates, 40% of the toddlers in the sample were not getting the 

recommended 11-14 hours of sleep in a 24-hour period across the three days and 65% of 

the toddlers were going to bed later than 9 pm. Actigraphy analysis however, showed that 

100% of the toddlers were getting less than the minimum recommended 11 hours of sleep 

in a 24-hour period and 90% had a bedtime later than 9 pm across all three days. It is 

essential that we identify the most accurate sleep measurement to adequately assess sleep 

deficiencies in this population so that proper interventions tailored to this population can 

be created and implemented.  

5.2 Strengths and limitations 
 

The findings of this dissertation study should be considered in light of its 

strengths and limitations. In addition to the limitations specified in each study, including 

the use of subjective measures in chapter 2 and 3, the inability to measure day-to-day 

sleep variability in chapter 3, and the small sample size due to actigraphy noncompliance 

and technical failure in chapter 4, an overall limitation is the cross-sectional nature of 

each study. The results of these studies merely display relationships, and causality cannot 

be inferred.118,119 Another limitation is the inability to generalize the results to toddlers of 

other races and economic statuses. The samples were low-income and predominantly 

African American, limiting our ability to make comparisons between races and economic 

statuses, and generalize these results to toddlers of other racial/ethnic and SES groups.

 Despite its limitations, these studies also had distinct strengths. These include the 
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exploration of sleep among an understudied and underserved minority sample of young 

children at risk for sleep disparities. These families are difficult to access, recruit, and 

keep engaged in data collection.133 Another strength was the use of both subjective and 

objective measures to assess sleep. Actigraphy has not been widely used to measure the 

sleep of low-income toddlers.  Sleep parameters and scoring algorithm rules needed to be 

created to fit this specific population to help interpret their sleep and wake. This was 

necessary given that the sleep of our sample was extremely fragmented. Existing scoring 

rules and the validated Philips Actiware 6.0.9 actigraphy algorithm we used, which were 

designed to measure more predictable sleep patterns with less wake during sleep periods, 

did not accurately capture this sample’s sleep, based on examination of each child’s 

actogram. While our scoring rules were based on those proposed in other actigraphy 

studies of mainly white infants and young children, we still found the need to create 

additional scoring rules for our sample. These scoring rules, adapted to a sample of 

toddlers with very irregular and disturbed sleep and wake patterns, are presented herein. 

Future studies should further validate the algorithm and parameters created in this 

dissertation among low-income toddlers. 

5.3 Implications for clinical practice 
 
 There are several important clinical implications based on the findings of these 

studies. Clinicians need to be aware of the fragmented sleep that is occurring among this 

population. They also need to consider that the majority of low-income toddlers are not 

meeting the National Sleep Foundation Recommendations, resulting in chronic sleep 

deprivation. Clinicians need to ensure that they ask parents about sleep and nap duration 

and timing during toddler check-ups. Even though the American Academy of Pediatrics 
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recommends that sleep screening occur on a yearly basis by pediatricians, only a fraction 

of children are appropriately screened.104,105 If mothers believe their child to have a sleep 

problem, strategies to address such problems should be discussed. For example, clinicians 

may advise on the many benefits of nightly bedtime routine implementation. Screening 

should be conducted to determine if factors exist (i.e. food insecurity, housing insecurity 

and maternal depressive symptoms) surrounding lack of routine implementation or poor 

toddler sleep. If such factors exist, different methods, resources and solutions should be 

discussed to address them.  

 Co-sleeping is another practice that clinicians should discuss during annual sleep 

screening. Although co-sleeping may be an economic necessity among low-income 

families, providers should be aware of the potential negative outcomes of co-sleeping and 

advise families accordingly.61 If co-sleeping is occurring, the provider should also assess 

maternal sleep duration and quality,28 as poor maternal sleep may not only have negative 

implications for the mother’s well-being but also for her toddler’s sleep and health.28,92  

5.4 Conclusion and implications for future research 
 
 There are many factors among low-income families that put toddlers at risk for 

sleep disparities and poor, fragmented sleep. In exploring aim 1, we found that housing 

factors such as overcrowding may result in co-sleeping, a practice that was associated 

with decreased maternal sleep, and subsequently associated with increased maternal 

mental health symptoms.61 In aim 2, the presence of maternal depressive symptoms were 

found to be associated with decreased likelihood of bedtime routine implementation, a 

practice associated with few nighttime awakenings and long toddler sleep duration. 

Finally, the use of both objective and subjective sleep measures allowed for their 
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comparison and analytic techniques that are unique to a low-income toddler population, 

in aim 3.  

 The results of the studies implemented in this dissertation illuminate the need for 

future research among this population. Longitudinal designs should be employed to 

determine if the relationships found hold true across time. If so, intervention studies are 

needed to address the multidimensional factors that put low-income toddlers at risk for 

sleep disparities.  

 More specifically, in regards to maternal sleep and mental health, future research 

should examine whether avoiding sleeping with a toddler who is perceived to have a 

sleep problem improves maternal sleep and ultimately maternal mental health. 

Additionally, if co-sleeping continues to occur, certain sleep interventions should be 

explored to improve mother and toddler sleep despite the sleeping arrangement. The 

reasoning behind co-sleeping also needs to be explored among this population. 

Determining why mothers choose to co-sleep (i.e. over-crowding, help with their 

toddler’s sleep problem, or simple preference) may help with future intervention 

development.  

 Addressing the multidimensional factors that relate to bedtime routine 

implementation is necessary in this population. Given the association between routine 

implementation and long nighttime sleep through few nighttime awakenings, a nightly 

routine may be a simple solution to sleep fragmentation found in this population. Per the 

transactional model, future interventions should not only account for the interactions 

between the maternal and toddler dyad, but should also account for how the household 

environment plays into such interactions.  
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 Finally, future research needs to continue to include objective measures like 

actigraphy to accurately measure sleep in this population. Given the differences between 

mother-reported sleep diary and actigraphy reports, parental report may not provide the 

best sleep estimates. In order for objective measures to be accurate among this specific 

population, however, proper rules and sleep parameterization need to be created.  

Ultimately, sleep disparities need to be addressed in order to eventually tackle 

health disparities among this population. Sleep plays a crucial role in overall health and 

disease processes. Poor sleep health has been associated with a multitude of negative 

health outcomes throughout the life span such as increased risk of obesity and 

inactivity,29,36 poor cognitive function,47 and impaired motor skills.134 Combatting sleep 

disparities before they even begin will ultimately improve sleep health across the lifespan 

and help in the battle against health disparities. 

In conclusion, we found that co-sleeping with a toddler who is perceived to have a 

sleep problem is related to less maternal sleep and less maternal sleep was associated 

with increased maternal mental health symptoms. Presence of maternal depressive 

symptoms, housing insecurity, and food insecurity were associated with decreased 

likelihood of nightly bedtime routine implementation; a practice that was found to be 

associated with long nighttime sleep duration through few nighttime awakenings. 

Toddlers had fragmented, poor sleep, and were not meeting the sleep recommendations 

of the National Sleep Foundation. Finally, there were significant differences between 

actigraphy and sleep diary measures. Emergent future interventions are needed that 

address the sleep environment and routines that are affecting this maternal-toddler sleep 

dyad, in an attempt to decrease sleep disparities and ultimately improve health outcomes.  
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Appendix A 
The Brief Infant Sleep Questionnaire  
 
1.    Where does your child sleep most of the time? 
□ In his/her own room 
□ In parents’ room 
□ In sibling’s or other room 

□ In another room of the house 
□ Other 
____________________________ 

 
2.  Which of the following does your child sleep in most of the time?   
□ Crib 
□ Own bed (any size) 
□ Parents’ bed (any size) 
□ Bassinet 

□ Infant seat 
□ Swing 
□ Other 
____________________________ 

 
3.  In what position does your child sleep most of the time?   
□ On his/her belly  □ On his/her side  □On his/her back 

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

before bedtime? (please check all that apply) 
□ Bath 
□ Massage 
□ Read books/being read to 
□ Rocked 
□ Watch television 
□ Have a dinner or a snack 
□ Have a bottle, drink, or nurse 
□ Run around 

□ Brush teeth 
□ Play 
□ Cuddle 
□ Say prayers 
□ Sing songs 
□ Listen to music 
□ Other 
____________________________ 

 
5.   How does your child fall asleep most of the time? (please check all that apply) 
□ While being bottle-fed 
□ While being breast-fed/nursing 
□ While being rocked 
□ While being held 
□ While watching television 
□ In swing or stroller  
□ In his/her own crib/bed alone in the  

room 
□ In parent’s bed alone in the room 

□ In his/her own crib/bed (any size) 
and  

with a parent in the room 
□ In parent’s bed and with a parent in  

the room 
□ In another room of the house (e.g.  

living room)  
□ Other  

____________________________ 
 
 
6.  In a typical week, how often does your child have the exact same bedtime 
routine?  
□ Never  □1-2 nights per week  □3-4 nights per week  □5-6 nights per week  □ Every 
night 

 
7.   What time do you usually start your child’s bedtime routine?  
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Example: 8:20 PM would be 8 o’clock and 20 minutes. 
 

________ o’clock   
________ minutes 

 
8.  What time do you usually put your child to bed at night?  

Example: 8:20 PM would be 8 o’clock and 20 minutes. 
 

________ o’clock   
________ minutes 

 
9.   Typically, how difficult is bedtime for your child (for example, fussing, crying,  

protesting)?  
□Very easy  □ Somewhat easy  □ Somewhat difficult  □Moderately difficult  □ Very 
difficult 

 

10.  How long does it typically take your child to fall asleep?  
Example: If you put your child to bed at 8:15pm and your child falls asleep at 
8:30pm, it took 15 minutes for your child to fall asleep 

 
_________ minutes 

 
11.  How often, if ever, does your child have a difficult time falling asleep at night?  
□ Every night 
□ 5-6 nights per week 
□ 3-4 nights per week 
□ 1-2 nights per week 

□ 1-3 nights per month 
□ Less than once a month 
□ Never 

 
12.  How many times does your child typically wake during the night? 
 
    _______ times per night 
 
13.  How often does your child wake during the night, if ever?   
□ Every night 
□ 5-6 nights per week 
□ 3-4 nights per week 
□ 1-2 nights per week 

□ 1-3 nights per month 
□ Less than once a month 

    □ Never

 
 
14.  When your child wakes up during the night, what do you do?  
 (please check all that apply) 
□ Pick up my child and hold/rock  

him/her until child falls asleep 
□ Pick up my child and put him/her 

back  
down while child is still awake 

□ Rub or pat my child but do not pick 
up  

or take out of crib/bed 
□ Bottle feed child back to sleep 
□ Breastfeed/nurse child back to sleep 
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 □ Give my child a pacifier  
□ Change diaper 
□ Comfort my child verbally but 
don’t  
□ Bring child into my bed 
□ Let my child cry and fall back to 

sleep  
by him/herself 

□ Give my child a few minutes to see 
if  

he/she falls back to sleep 
□ Play with my child 
□ Sing to child 
□ N/A 
□ Other _____________________ 

pick child up or take child out of crib/bed 
 
15.  How much total time during the NIGHT is your child typically awake?     

Example: If your child woke up 2 times and was awake for about 15 minutes each 
time, your child’s total time spent awake would be 30 minutes  

 
________ Hours 

 ________ Minutes  
 
16.  What is the longest stretch of time that your child is asleep during the NIGHT 
without  

waking up?  
 

________ Hours 
 ________ Minutes  
 
17.  How much total time does your child spend sleeping during the NIGHT 

(between 7:00 in the evening and 8:00 in the morning)? 
 

________ Hours 
 ________ Minutes  
 
18.  On a typical DAY, how many naps does your child take (between 8 in the 
morning  

and 7 in the evening)?  
  
________ Naps 

 
19.  How much total time does your child spend sleeping during the DAY (between 

8:00  
in the morning and 7:00 in the evening? 
Example: if your child took 2 naps and slept 1 hour each time, your child’s total time 
spent sleeping during the day is 2 hours. 

 
________ Hours 

 ________ Minutes  
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20.  What time does your child typically wake up in the morning?   

Example 8:20AM would be 8 o'clock and 20 minutes 
________ o’clock   
________ minutes 

 
21.  How often does your child typically wake up in his/her own crib or bed in the 

morning? 
□Always      □ Most of the time      □About half of the time     □Almost never      

□Never  
 

22.  How would you rate your child’s mood when he/she wakes up in the morning?  
□Very happy      □Somewhat happy      □Neutral      □Somewhat fussy      □Very fussy  

 
23.  Please rate how well your child usually sleeps at night.  
□Very well       □Well        □Fairly well        □Fairly poorly        □Poorly       □Very 
Poorly 

 
24.  Do you consider your child’s sleep a problem?  
□ Not a problem at all 
□ A very small problem 
□ A small problem 

□ A moderate problem 
□ A serious problem

 
25. How confident do you feel about managing your child’s sleep?   
□Very confident    □Somewhat confident    □Neutral   □Somewhat unsure    □Very 

unsure  
 
 
@ Avi Sadeh, D.Sc., Tel Aviv University 
Adapted from: Sadeh A. A brief screening questionnaire for infant sleep problems: 
validation and findings for an Internet sample. Pediatrics 2004;113:e570-e7 
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Appendix B 
Sleep Diary 

   Day 1: Day 2: Day 3: 

What time did your 
child wake up? 

_____ o’clock 
 
_____ minutes 

_____ o’clock 
 
_____ minutes 

_____ o’clock 
 
_____ minutes 

Was this a typical night 
of sleep for your child?  
 
Circle one: 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 
# of times your child 
woke up during the 
night 

   

Number of nap(s) your 
child took during the 
day 

   

In total (all together) 
how long did your child 
nap? 

_____ hour(s) 
 
_____ minutes 

_____ hour(s) 
 
_____ minutes 

_____ hour(s) 
 
_____ minutes 

Was the actigraph taken 
off of your child’s ankle 
during the day?  
 
Circle one: 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 

What time did you or 
someone else take it off?  

_____ o’clock 
_____ minutes 
_____didn’t 
take off 

_____ o’clock 
_____ minutes 
_____didn’t 
take off 

_____ o’clock 
_____ minutes 
_____didn’t 
take off 

How long was the 
actigraph off? 

_____ hour(s) 
_____ minutes 
_____didn’t 
take off 

_____ hour(s) 
_____ minutes 
_____didn’t 
take off 

_____ hour(s) 
_____ minutes 
_____didn’t 
take off 

Did you follow a typical 
night of routines for 
your child? 
 
Circle one 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 

Yes 
 

No 
 

Don’t know 
What time did you put 
your child to bed for the 
night? 

_____ o’clock 
_____ minutes 

_____ o’clock 
_____ minutes 

_____ o’clock 
_____ minutes 

How long did it take for 
your child to fall asleep?  _____ minutes _____ minutes _____ minutes 
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