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ABSTRACT 

 

Down syndrome (DS) is one of the most common genetic conditions that manifests in a 

physical, behavioral, mental, emotional, and neurocognitive manner (Bittles, Bower, Hussain, & 

Glasson, 2006; Bull & the Committee on Genetics, 2011). In terms of physical health, 

individuals with DS are at a higher risk for congenital heart defects, hypothyroidism, 

gastrointestinal issues, and sleep problems (Bittles et al., 2006; Carter, McCaughey, Annaz, & 

Hill, 2009). Of particular importance, is the 30% to 80% prevalence rate of obstructive sleep 

apnea syndrome (OSAS) in DS (Dyken et al., 2003; Shott et al., 2006). OSAS as well as other 

sleep disturbances have been linked to neurocognitive and developmental delays among 

individuals with DS (Breslin et al., 2014; Edgin et al., 2015). 

A limitation to previous work in DS is evaluating sleep and its impact on development 

from a family systems perspective. The family’s interconnectedness, cohesiveness, and self-

stability characteristics may play a role in sleep and development for individuals with intellectual 

disability. The three studies presented in this dissertation examined the multiple ways in which 

sleep effects all members of the family in addition to infant development in a longitudinal 

sample of infants with and without DS from 6-months to 24-months of age. 

In Study 1, we investigated work schedules among parents of 18-month-old infants with 

DS and typically developing (TD) along with its impact on infant sleep quality and quantity. 

There were no significant differences in work schedules and total number of hours worked per 

week between parents in both groups. However, infants with DS displayed significantly less 

sleep time, greater fragmentation index, poorer sleep efficiency, and more time waking up after 

sleep onset (WASO). We found group differences in nights per week spent co-sleeping and 



11 
 
 

parents’ perceptions regarding the importance of a consistent bedtime routine. When assessing 

employment schedules, regardless of group, parents who were unemployed were more likely to 

indicate having an exact bedtime routine for their infant followed by parents with standard and 

nonstandard work schedules. Parenting stress was significantly higher among parents with a 

standard work schedule followed by parents with a nonstandard work schedule and unemployed. 

Finally, we found infant WASO to be highest in the nonstandard work schedule group and 

unemployed for families with and without DS, respectively. These results highlight the 

importance of assessing parental work schedules to better understand infant sleep patterns and 

family functioning. 

The findings from Study 1 indicate that sleep deficits begin to emerge as early as 18-

months among infants with DS. In Study 2, we investigated a specific sleep practice - co-

sleeping - and its association with sleep efficiency and daytime regulation among infants with 

and without DS at 18-months-old. Results indicated that while co-sleeping all of the night is 

more common among TD infants (approximately 26%), the most common type of co-sleeping 

for infants with DS was the second part of the night (almost 18%). Infants with DS not only 

displayed significantly poorer sleep efficiency but also higher scores on the 

depression/withdrawal subscale of the Infant-Toddler Social and Emotional Assessment (ITSEA) 

and lower adaptive behavior scores, both signifying delays in socio-emotional outcomes. Co-

sleeping frequency was not correlated to sleep efficiency and any of the daytime regulation 

variables. Nonetheless, these findings suggest a need to assess co-sleeping behaviors in further 

detail and determine its impact on other sleep parameters and developmental outcomes in 

children at risk for sleep problems.  
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In the first study, one of the prominent findings involved differing sleep practices 

between groups, specifically co-sleeping behavior and parents’ perceptions surrounding a 

bedtime routine. The second study addressed co-sleeping patterns and daytime regulation; 

therefore, in Study 3 we evaluated the associations between bedtime routine consistency, 

daytime functioning, and overall sleep quality, relationships not previously studied in this 

population from 6- to 24-months of age. Findings indicated that parents engaged in a consistent 

bedtime routine with their infant and their perception of the importance of the routine on their 

infant’s development increased with time. Growth curve models showed that a consistent 

bedtime routine was related to less externalizing behavior and fewer vocalizations particularly in 

the TD group and a 10-point difference in adaptive behavior scores with each assessed time point 

and longer sleep times regardless of group. Significant group differences were found such that 

infants with DS displayed less internalizing behavior and poor sleep efficiency compared to TD 

infants. The results highlight the impact of a consistent bedtime routine for all children, typical 

and atypical. 

Altogether, the three papers provide insight into sleep practices that, to our knowledge, 

have not been studied in the DS population. We note how parent-level factors such as works 

schedules, decision to co-sleep, and implementing a consistent bedtime routine impact infant 

sleep behavior. The last study proposes a strength-based approach not deficit-based approach to 

studying atypical development. Future work should further investigate different factors 

influencing infant sleep and development while also considering parental sleep behavior to 

obtain a holistic assessment of sleep among families with DS. 
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INTRODUCTION 

 

Contrary to popular belief, science has shown that sleep is a dynamic physiological state, 

influencing children’s learning, behavior, emotions, and family functioning (National Institute of 

Neurological Disorders & Stroke, 2014). To explain further, sleep is not only multifaceted but 

also a reversible state between disengagement and engagement from the environment 

(Carskadon & Dement, 2011). Improvements in science, research, and technology have provided 

us with a better understanding of the underlying mechanisms and functions of sleep. 

At the most basic level, we need to first recognize the architecture of sleep physiology 

because, without it, it is difficult to comprehend how diverse factors (e.g., intrapersonal, 

interpersonal) influence sleep throughout one’s life. There are three main sleep states which are 

subdivided into stages: 1) wake, 2) non-rapid eye movement (NREM), and 3) rapid eye 

movement (REM) (Mindell & Owens, 2015). Each sleep stage can be differentiated through 

brain and physiological activity, or lack thereof (Mindell & Owens, 2015). Altogether, adults 

experience these sleep cycles approximately 4-6 times per night with each cycle 90 minutes to 

110 minutes in duration. The quality and quantity of sleep, however, differs with age. Infants 

spend approximately 14-15 hours per day sleeping at 6 months of age, at which point they 

already exhibit adult sleep characteristics such as NREM and REM sleep (Ohayon, Carskadon, 

Guilleminault, & Vitiello, 2004; Ednick et al., 2009; Gómez & Edgin, 2015). While REM sleep 

characterizes 50% of the sleep in newborns, this is significantly reduced to 25%-30% in 

adolescents and adults (Mindell & Owens, 2015). Paralleling the reduction in REM sleep among 

adolescents and adults is the 40% reduction of SWS both of which are rooted in the 

developmental, biological, and social changes occurring in this period (Mindell & Owens, 2015). 
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Given that humans and animals experience sleep, with variations in sleep patterns and 

regulation, we next ask ourselves its importance. Why do we need to sleep? Although this may 

appear to be a simple question, the answer remains intricate and a mystery on many fronts. On a 

broader scale, research has indicated that sleep plays a role in physical, mental, and emotional 

health and well-being. In particular, sleep has been found to impact individual and family 

functioning, brain development, learning, memory, school performance, and neurocognitive and 

behavioral functioning in typically developing and atypically developing populations (Anders, 

Halpern, & Hua, 1992; Breslin et al., 2014; Lushington, Pamula, Martin, & Kennedy, 2013). For 

example, individuals with Down syndrome (DS) with a co-morbid diagnosis of obstructive sleep 

apnea syndrome (OSAS) exhibit lower verbal IQ and executive functioning skills (Breslin et al., 

2014). 

The purpose of the three papers is to understand how sleep interacts with the family 

system among families of infants with DS. The emphasis on this chromosomal condition occurs 

for two reasons: 1) the cranio-facial features of DS predispose individuals to sleep problems such 

as sleep-disordered breathing and 2) individuals with DS display intellectual disability, health 

co-morbidities, and growth delays which are all influenced by sleep (de Miguel-Díez, Villa-

Asensi, & Alvarez-Sala, 2003; U.S. National Library of Medicine, 2016). Coupled with the high 

prevalence rate of OSAS among individuals with DS, this population is at a great disadvantage to 

poor developmental outcomes thereby highlighting the need to address sleep issues from diverse 

perspectives as well as to develop, implement, and evaluate effective sleep interventions (Centers 

for Disease Control & Prevention, 2016). Furthermore, the sleep issues observed in this 

population not only impact individual-level outcomes but also family-level outcomes across the 

marital dyad, parenting dyad, etc. 
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Although there is no dearth of theoretical approaches that will help elucidate the impact 

of sleep on the family, the Family Systems Theory (FST) serves as an ideal framework to gain 

insight into this topic. The FST is a systemic approach to comprehending individual and family 

development and is characterized by four concepts embedded in the general systems theory (Cox 

& Paley, 1997). Firstly, we have the idea of the “whole being greater than the sum of its parts” 

(Cox & Paley, 1997). In the context of the family, individual members are not only 

interdependent, but a relationship of reciprocity and interconnectedness is present. When looking 

at sleep behavior, interactions are present between family members during the bedtime routine, 

while co-sleeping, and throughout the night. Elaborating further on the bedtime routine, for 

instance, an exchange of sorts occurs among family members and the infant to ensure that the 

bedtime routine, if any, is initiated with the goal of putting the infant down for the night. 

Interactions between family members may include an older sibling helping clean up while the 

father changes the infant’s clothes and diapers and mother settles herself to nurse. Or, the father 

gives the infant a bath while the mother prepares his/her clothes for bed. This highlights one of 

the many ways in which we cannot understand sleep development without evaluating the family 

environment and its characteristics in an organized manner.  

Secondly, is the organized, hierarchical structure found in families (Cox & Paley, 1997). 

The family unit is divided into subsystems such as the marital, parental, grandparent, and sibling 

systems. Clear yet flexible boundaries are key to effective interactions within the subsystems and 

across them as well as family functioning (Cox & Paley, 1997). When these boundaries are 

eroded there is an impact across the family subsystems. The quality of interactions across the 

family system along with external factors including, but not limited to, stress, fatigue, and 

employment may also influence sleep patterns (Bell & Belsky, 2008; Kennedy, Gardiner, Gay, & 
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Lee, 2007; Komada et al., 2011; Nevarez, Rifas-Shiman, Kleinman, Gillman, & Taveras, 2010; 

Tikotzky, Sadeh, & Glickman-Gavrieli, 2011). As an example, Komada et al. (2011) found that 

children’s late bedtime, irregular bedtime, and short sleep duration was dependent on mother’s 

daily schedule specifically, wake-up time and time returning home. Although the father’s daily 

schedule did not significantly impact sleep habits in preschoolers, this does not necessarily imply 

a diminished role of fathers. This was highlighted by Tikotzky, Sadeh, and Glickman-Gavrieli 

(2011) where greater paternal involvement in general infant care was related to more 

consolidated sleep for the infant. 

We can further apply family cohesiveness to understand how family members’ physical 

and emotional characteristics influence bedtime routine (e.g., presence or absence of a consistent 

routine), co-sleeping patterns (e.g., duration and frequency of co-sleeping), and subsequent sleep 

behavior (e.g., sleep efficiency). Any type of parenting and/or family stress and negativity may 

result in a sleep routine primarily to get an infant to sleep. This contrasts with initiating a sleep 

routine as another opportunity for bonding and interacting with an infant which impacts the 

extent to which parents can provide an environment of love, nurture, and safety for their infant. 

As such, there is minimal doubt that quality and quantity of parental involvement influences 

infant care and researchers should keep this in mind while studying sleep. 

Thirdly, families are characterized by adaptive self-stabilization so when circumstances 

change, family members compensate by modifying the internal workings of the system (Cox & 

Paley, 1997). This concept emphasizes the rules and structures inherent in the family unit and 

maintaining homeostasis through positive and negative feedback. We can find examples of self-

stabilization in sleep among infants when the mother is trying to settle her infant down for sleep 

at night. Sadeh and Anders (1993) provide an excellent review of how infant sleep patterns and 
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problems can influence the family’s working system. Infants experience difficulties with sleep 

onset and sleep maintenance especially in the first 24 months of life (Ferber, 1985, 1986). This, 

coupled with the parents’ work and/or home routines, may add additional stress. Furthermore, 

recognizing personal stress levels and accurately reading the infant’s cues such as screaming and 

crying may initiate a change in the bedtime routine by spending more time soothing the infant. 

As such, deviations in the standard bedtime routine allow the family unit to obtain homeostasis. 

Fourthly, and related to the notion of self-stabilization, is the family unit’s adaptive self-

organization (Cox & Paley, 1997). Self-organization, as the name implies, refers to the ability of 

the system to adapt and organize itself as a result of any external factors. One way to understand 

this concept is by looking at the diverse external elements that may influence the family system: 

1) transition to parenthood, 2) birth of another child in the family, 3) living arrangements with 

extended family members and/or roommates, 4) changes in marital status (e.g., marriage, 

divorce), 5) changes in employment status (e.g., deportation in the military), and 6) diagnosis of 

chronic and/or genetic conditions (e.g., DS). This is not an exhaustive list but provides insight 

into how family dynamics and responsibilities change due to external forces that may or may not 

be under an individual’s control. At a deeper level, consider families of individuals with DS who 

also exhibit sleep difficulties. Both parents can engage in a feedback system where they take 

turns attending to their child’s sleep needs. For example, a child with DS may require co-

sleeping to fall asleep at night; if both parents are employed then maybe they can alternate nights 

where each would co-sleep. While the system is organized around the mother-father-child triad, 

the immediate sleep context shifts between the mother-child and father-child dyad. 

Altogether, the FST presents a thorough lens through which we can view sleep patterns 

and behaviors from infancy to adulthood. Follows are three manuscripts that utilize the data 
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collected from the Arizona Sweet Dreams Study (AzSDS). This was a national, longitudinal 

study in the United States that examined how sleep related to language, behavior, health, and 

developmental outcomes among infants with and without DS, ages 6- to 24-months-old. The 

current set of papers lay the foundation to understanding how parental work schedules influence 

infant sleep quality and quantity at 18-months of age (Paper 1), describing the co-sleeping rates 

and the impact of co-sleeping on daytime regulation at 18-months of age (Paper 2), and 

determining bedtime routine consistency and its effect on infant sleep and daytime functioning 

from 6-months to 24-months of age (Paper 3). Figure 1 illustrates an integrative model to 

understanding sleep among infants with and without DS from the FST lens. 

 For Papers 1 & 2, we emphasize the 18-month time point for two main reasons: 1) there 

exists a gap in the literature at this age and 2) 18-months is a key developmental time point.  First 

and foremost, previous studies evaluating parental employment patterns and infant sleep and 

behavioral outcomes among individuals with and without DS have focused on the last trimester 

during pregnancy,12-months-old, and 24-months and older (Daniel, Grzywacz, Leerkes, Tucker, 

& Han, 2009; Gay et al., 2004; Hedov et al., 2002; Joshi & Bogen, 2007; Kalil et al., 2014; Lee, 

Hale, Berger, & Buxton, 2019; Shearn & Todd, 2000; Sinai & Tikotzky, 2012). There are few 

studies that have considered infants between 12-months-old to 24-months-old (Daniel et al., 

2009; Han, 2005).  

 Similarly, past research on co-sleeping behaviors has included infants up to 6-months-old 

as well as retrospective and prospective studies from 3-years and older (Baddock, Galland, 

Bolton, Williams, & Taylor, 2006; Ball, Hooker, & Kelly, 2000; Hayes, Roberts, & Stowe,1996; 

Hunsley & Thomas, 2002; Kelmanson,1999; Okami, Weisner, & Olmstead, 2002; Robinson & 

Richdale, 2004). An exception are two studies that included infants until 12-months-old and 36-
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months-old (Bruni et al., 2014; Sadeh, Mindell, Luedtke, & Wiegand, 2009). Therefore, 

evaluating parental employment patterns (Paper 1) and co-sleeping arrangements (Paper 2) at 

18-months-old among infants with and without DS contributes to the current literature. 

 Secondly, we focus on the 18-month time point due to the developmental milestones 

infants achieve during this period. Specifically, we observe growth in socio-emotional (e.g., 

pretend play and handing toys to people), communication (e.g., saying more words and shaking 

head), cognitive (e.g., understanding one-word commands), and physical (e.g., drinking from cup 

and walking alone) development (Centers for Disease Control & Prevention, 2018). 

Consequently, this serves as an optimal time period to not only detect developmental delays but 

also seek early intervention to promote development among infants with DS. Although the cross-

sectional nature of the first two papers prevents us from understanding a cause-and-effect 

relationship, selecting this time period allows us to analyze a critical window of development. 

 For Paper 3, instead of a cross-sectional snapshot, we analyze the longitudinal data from 

6-months-old to 24-months-old. The primary reason to include all time points is inherent to 

conducting the AzSDS. Previous research from the lab displayed individuals with DS to exhibit 

sleep deficits as early as toddlerhood (Edgin et al., 2015). In order to determine when these sleep 

and developmental deficits emerge, we conducted the AzSDS among infants. Moreover, we 

measured sleep through actigraphy and parent-reported questionnaires. When studying infant 

bedtime routines in the typical population, researchers have utilized mixed methods including 

video-recording parent-infant interactions, questionnaires, and actigraphy (Gaylor, Goodlin-

Jones, & Anders, 2001; Goodlin-Jones, Burnham, Gaylor, & Anders 2001; Mindell, Leichman, 

Lee, Williamson, & Walters, 2017; Mindell, Li, Sadeh, Kwon, & Goh, 2015; Mindell, Telofski, 

Wiegand, & Kurtz, 2009; Staples, Bates, & Petersen, 2015; Teti, Kim, Mayer, & Countermine, 
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2010). By assessing sleep and development using actigraphy and questionnaires, we add to the 

literature in DS. 
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Abstract 

 

The increasing trend for mothers to enter the workforce has implications on many levels of the 

family system, most specifically, an infant’s sleep. Previous research has focused on typical 

development and investigated the impact of parents’ work schedules on the marital dyad and the 

impact on child’s socio-emotional and cognitive development and family functioning. Findings 

in the Down syndrome (DS) population, and other populations with significant risk for sleep 

disorders, are minimal and mixed with less focus on infants at 18-months of age. The current 

study examined work schedules among parents of 18-month-old infants with and without DS (N 

= 55 and N = 53, respectively) along with its impact on infant sleep quality and quantity. 

ANOVA results indicated no significant differences on work schedules and total number of 

hours worked per week between the DS and TD groups. Infants in the DS group exhibited 

significantly less sleep time, poorer sleep efficiency, greater fragmentation index, and more time 

waking up after sleep onset (WASO). Parents of infants with DS also reported fewer nights per 

week spent co-sleeping (p = 0.003). Parents’ perceptions of the importance of a consistent 

bedtime routine was significantly higher in the DS group compared to the TD group (p = 0.042). 

Across the three types of work schedules, parents who were unemployed were more likely to 

indicate having an exact bedtime routine for their infant followed by parents with a standard 

work schedule and nonstandard work schedule (p = 0.035). Conversely, parenting stress was 

highest among parents with a standard work schedule followed by nonstandard work schedule 

and unemployed (p = 0.039). Lastly, we found a significant group x work schedule interaction 

with the highest WASO in the nonstandard work schedule group for families with DS and 

unemployed group for typical families. The results indicate a need to address parental work 
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schedules when studying infant sleep behavior with implications for infant development and 

family functioning. 
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Introduction 

  

 Data suggests an increasing demand for different types of childcare as more mothers are 

entering the workforce and parents are motivated to provide children with educational 

opportunities (U.S. Census Bureau, 2016). At least 61% of preschoolers (ages 0-4 years) receive 

some form of childcare in comparison to 50% of grade schoolers (ages 5-14 years) (U.S. Census 

Bureau, 2016). Furthermore, 49% of the childcare comes in the form of relatives and parents. 

Data from the Current Population Survey (CPS) by the Bureau of Labor Statistics indicate that 

labor force participation rate among mothers with the youngest child under 1-years-old was 

57.3% in 2013. This increased to 61.1% for under 3-years-old, 63.9% for under 6-years-old, and 

74.7% for 6-17 years-old (U.S. Department of Labor, 2014). In married-couple families, when 

the youngest child was under 6-years-old, slightly over half of the families had both parents in 

employment, 37.2% had the father employed but not the mother, 5.3% had the mother employed 

but not the father, and 3.4% had neither parent in employment (U.S. Department of Labor, 

2014). The escalating entry of mothers into the workforce and the employment status of both 

parents in the household has implications on many fronts, particularly for infants and their sleep 

development. 

 From a theoretical perspective, Sadeh and Anders’s (1993) transactional model and the 

family systems theory (FST) help illustrate the relationship between infant sleep and parental 

employment. Sleep is a dynamic and bidirectional process with differing contexts influencing 

sleep across many levels of the family system. The three important factors to consider when 

studying infant sleep development include, intrinsic factors (attachment and temperament), 

proximal factors (parent-child interactions and parenting factors), and distal factors (family, 

environment, and culture) (Sadeh & Anders, 1993). These elements can be directly placed into 
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the FST where interdependency among family members can be impacted by sleep patterns and 

behaviors. The current paper examines how the distal extrinsic context, specifically the parents’ 

and/or caregivers’ work schedules, influences the parent-infant mediating relationship in the 

context of sleep. 

 For families where either parent or both parents are employed, sleep can be perceived as 

time away from parents (Sadeh & Anders, 1993). From an infant’s viewpoint, the moment 

parents come home from work is the time for family bonding (Sadeh & Anders, 1993). 

Conversely, from a parent’s perspective, long hours at work may cause fatigue, limiting the 

infant’s opportunity to bond, socialize, and interact with his/her parents. Instead, parents may 

want to put their infant to bed sooner so that they can relax. These opposing views may be 

associated with difficulties settling to sleep and longer sleep onset latency. As such, the root 

cause of the sleep problem is not necessarily related to the infant’s intrinsic characteristics (e.g., 

temperament) but the parents’ work environment and other responsibilities. 

 In studies of typical development, research has found an increasing trend towards 

employment in the first few months after childbirth for older and educated women (Laughlin, 

2011). Studies investigating parents’ work schedules have focused on the marital dyad and 

impact on child’s socio-emotional and cognitive development and overall functioning among 

family members. Fursman and Families Commission (2009) found that despite the positive 

impacts of working long hours, there were more negative impacts such as stress, poor health, 

fatigue, sleep deprivation, and lower energy for parenting among parents in New Zealand. In 

another study, Han (2005) examined the relationship between mother’s work schedules and 

cognitive outcomes among children from birth to 3-years-old. Researchers concluded that 

nonstandard (i.e., irregular or part-time) schedules tended to have a negative impact on child 
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development especially if these schedules started in the first year of the child’s life. In addition, 

children of mothers with nonstandard schedules performed significantly more poorly on the 

Bayley Mental Development Index (MDI) at 24-months and Reynell Expressive Language 

(REL) task at 36-months. 

 The current literature on the topic of employment patterns among families with Down 

syndrome (DS) is minimal and mixed. Hedov, Annerén, and Wikblad (2002) found no 

significant differences in employment rates between families caring for a child with DS and 

typically developing (TD) children (ages 3.5 to 7.0 years-old). However, researchers found that 

mothers of a child with DS were significantly more likely to work part time than mothers with 

TD children (Hedov et al., 2002). In a qualitative study with 18 mothers of children with 

disabilities, Shearn and Todd (2000) found significant barriers (e.g., time demands, lack of 

affordable and adequate childcare, and idealized gender roles) to employment opportunities in 

this population. Furthermore, mothers attributed this employment gap due to minimal familial 

and societal support for their employment. The results illustrated a pessimistic outlook towards 

working especially while taking care of a child with disability (Shearn & Todd, 2000). 

 Specific to sleep, recent research has highlighted a link between parental employment 

schedules and sleep outcomes for both parents and children. Using the Fragile Families and 

Child Wellbeing Study, Kalil, Dunifon, Crosby, and Houston Su (2014) found that mothers 

working extended long hours (>40 hours/week) had a greater likelihood of insufficient sleep in 

comparison to those working 1-19 hours/week and 20-34 hours/week. Mothers working 35-40 

hours/week exhibited insufficient sleep only when compared to mothers working 1-19 

hours/week. Working a nonstandard shift (e.g., weekends, evenings, and nights) as opposed to a 

standard shift was also associated with insufficient sleep among mothers. Children, on the other 
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hand, experienced insufficient sleep when their mothers worked 20-34 hours/week or 35-40 

hours/week in comparison to 1-19 hours/week. Children of mothers who worked 35-40 

hours/week were also more likely to experience insufficient sleep in comparison to children of 

mothers works more than 41 hours/week. Two findings were worth noting: 1) children of 

mothers working >40 hours/week were less likely to experience sleep deficits and 2) having a 

nonstandard schedule was only associated with insufficient sleep for mothers but not their 

children. 

 Gay, Lee, and Lee (2004) also evaluated fatigue and sleep patterns in new mothers and 

fathers in the last month of pregnancy and 1st month postpartum. Results related to parental 

employment status showed that women working during the last month of pregnancy exhibited 

less day and night sleep, an average of 67 minutes of less total sleep in comparison to 

nonworking women, and higher levels of fatigue in the morning and evening. Fathers who 

worked during the 1st month postpartum period had similar levels of sleep and fatigue, in 

addition to less wake after sleep onset (WASO) and less perceived sleep. 

 These studies illustrate the relationship between parental employment and infant sleep; 

however, they do not consider stress associated with parenting and/or employment. Stress, of any 

type, may influence the relationship between parental employment and sleep in both parents and 

their infants. Sinai and Tikotzky (2012) investigated the moderating role of maternity leave on 

sleep and parenting stress. There were significant associations between infant sleep behavior 

(e.g., frequency and duration of night wakings) and parents’ sleep patterns with stronger 

relationships observed in mothers. Researchers found no significant differences in maternal sleep 

between working mothers and mothers on maternity leave. Results specific to infant sleep 

indicated that, for mothers on maternity leave, longer duration of wakefulness at night and 
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shorter daytime sleep among infants was associated with higher scores on the parent domain of 

the Parenting Stress Index (PSI). Quite remarkably, in the group of mothers on maternity leave, 

fathers’ higher PSI scores on the child domain was related to frequency of night wakings and less 

daytime sleep among infants. 

 The evidence, or lack thereof, brings forth a need to address the impact of maternal 

employment on both parental and infant sleep. It is possible that the language deficits observed 

in Han (2005) were moderated by sleep issues considering the evidence on sleep and language, 

especially among individuals with DS (Breslin et al., 2014; Edgin et al., 2015). As such we study 

parental employment patterns in families of infants with and without DS and their association 

with infant sleep at 18-months of age. Consequently, the current study is needed for the 

following reasons: 1) the impact of sleep permeates across parent- and infant-level outcomes 

therefore addressing overall sleep patterns is vital as the caregiving and employment experiences 

may also be affected, 2) parental employment data is limited to pregnancy and the first 12 

months - an exception being Han (2005) so studying 18-month-olds adds to the current literature, 

and 3) there is minimal data on parental employment in DS in the U.S. 

 This study seeks to answer the following research questions: 

RQ1: Are there differences in work schedules among parents of 18-month-old 

infants with DS and TD? 

 H1: Based on findings from Hedov et al. (2002), parents of infants with 

DS, in comparison to parents of infants who are TD, are more likely to work a non-

standard work schedule (e.g., working from home or part-time). There will be no 

differences in the number of hours worked due to the increasing trend towards 
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incorporating employment and child rearing activities as well as a need for financial 

stability in today’s economic climate. 

RQ2: How do stress levels differ among parents of 18-month-old infants with DS 

and TD across different employment categories? 

 H2: Unlike previous research evaluating stress across different disabilities, 

parents of infants with DS will exhibit higher stress in comparison to parents of TD 

infants; however, both groups of parents will report higher perceived stress when 

working a standard work schedule (Hodapp, Ricci, Ly, & Fidler, 2003; Hodapp, Ly, 

Fidler, & Ricci, 2001). 

RQ3: How does parental employment status (e.g., standard work schedule, 

nonstandard work schedule, and unemployed) influence parent-reported infant’s sleep 

quality and quantity? 

 H3: Regardless of group, parents working a nonstandard work schedule 

will report infants exhibiting more total sleep time and better quality of sleep in 

comparison to parents working a standard work schedule (Kalil et al., 2014). 

 This research study is crucial to understanding how parental employment influences the 

parent, the infant, and any parent-infant interactions that are key to developmental outcomes 

(Figure 1). To our knowledge, no study has previously measured sleep parameters and 

employment among individuals with DS and their families. 

Methods 

 

Research Study Design 
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 The present study will analyze data from The Arizona Sweet Dreams Study (AzSDS). 

This is a national, longitudinal study in the United States that examines how sleep relates to 

language, behavior, health, and developmental outcomes among infants with and without DS, 

ages 6-months-old to 24-months-old. 

Recruitment 

 

 Families were recruited based on whether they had an infant between the ages of 0-

months and 24-months and were grouped as follows: 1) diagnosed with Down syndrome (DS) (N 

= 59), 2) typically developing and born pre-term (< 37 weeks gestation) (N = 9), 3) typically 

developing and at-risk (sibling with autism) (N = 3), and 4) typically developing and born full-

term (≥ 37 weeks gestation) (N = 56). Figure 2 illustrates the enrollment flow in the study. 

Diagnosis of DS was confirmed via a karyotype or medical report collected through medical 

records with only infants diagnosed with Trisomy 21 included in the study. Study exclusion 

criteria followed prior research conducted in lab (Breslin et al., 2014; Edgin et al., 2015): 1) 

diagnosis of Translocation or Mosaicism, 2) head injury resulting in over 5 minutes of 

unconsciousness, 3) brain trauma, 4) seizure disorder, 5) epilepsy, 6) meningitis, 7) accidental 

poisoning, 8) cerebral palsy, 9) chemotherapy or radiation therapy, 10) other chromosomal 

abnormalities, and 11) non-English as the primary language at home. 

 Recruitment occurred through local and national syndrome-specific registries, 

community events, flyers, social media, parent and support groups, and word-of-mouth. Potential 

participants were contacted by phone, e-mail, and/or text message to provide information about 

the longitudinal study and to schedule a day and time to complete a screener, answer questions or 

concerns regarding the research, and schedule for the study. Families were scheduled every six 

months beginning at 6-months-old until 24-months-old for a maximum of four sessions or time 
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points. The infant’s age at study entry determined the total number of sessions; for example, if an 

infant was already 8-months-old, s/he completed the 12-month, 18-month, and 24-month 

sessions. The sessions were scheduled within a four-week window at each time point. 

Specifically, parents scheduled two weeks before and after the infant’s birthday to complete the 

session. 

Data collection 

 

 All sessions for the parent study were conducted at the participant’s home. Participants 

received the study materials either via FedEx or in-person by a member of the research team. 

The study package included seven items: 1) a magnet with dates and times for all study sessions, 

2) a small token of appreciation for the infant, 3) hard-copy of instructions, 4) an Actiwatch 

(objective measure for sleep), 5) a Language ENvironmental Analysis (LENA) digital language 

processor (DLP; objective measure for language), 6) developmental questionnaires, and 7) pre-

paid FedEx return label, if necessary. 

 In addition to the materials, parent(s) were asked to complete a phone interview at all 

time points; the interview lasted approximately 2.0 hours during which they completed 

questionnaires. These questionnaires were entered into the Qualtrics platform for effective data 

collection and management purposes. One of two trained graduate research assistants 

administered the phone interviews at all time points at a date and time convenient for the family. 

Prior to the interview appointment, participants were e-mailed a response card with a list of 

specific questionnaires and their corresponding rating scales. Interviews were completed in a one 

two-hour session or two one-hour sessions; families needing additional time to complete the 

interview either extended the interview or scheduled for another date, depending on their 
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preference. Under specific circumstances, families who could not complete the phone interview 

completed the questionnaires online through a unique, personalized link for Qualtrics (N = 4). 

 At the end of each session, participants received a $40.00 or $50.00 gift card to Target or 

store of preference with the latter given to families if they completed the study and returned the 

materials to the lab within two weeks of receiving them. 

Measures 

  

 Table 1 summarizes the measures administered at each time point while follows are 

details regarding the measures relevant to the research questions in this study. 

 Sleep. 

 

 Actigraphy. An Actiwatch-2 monitor was incorporated to objectively measure sleep 

parameters in infants (Phillips Respironics, 2017). The monitor is non-invasive and similar to a 

Fitbit monitor that adults typically wear on their wrist. Families were instructed to place the 

monitor on their infant’s non-dominant ankle (almost always the left ankle) for at least seven 

consecutive days and nights at all time points; a minimum of five nights was required to analyze 

the data per recommendations by Acebo et al. (1999). Participants were also asked to press a side 

button on the Actiwatch every time they placed their infant down for a nap or sleep and picked 

them up from a nap or sleep. Parents completed a sleep diary that coincided with the Actiwatch 

and documented the times and locations of naps and sleep. This was critical because the 

Actiwatch tracks movement and sleeping arrangements and nighttime feeding behavior can 

influence infant movement in a variety of ways. 

 Actiwatch data was scored manually by two trained research assistants to determine sleep 

efficiency, average sleep time, fragmentation index, onset latency, and wake after sleep onset. 
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Interrater reliability was calculated to determine adherence to the scoring protocol. Actigraphy 

data was excluded in the currently analyses for the following reasons in the DS group: 

incomplete or no sleep diary (DS: n = 2; TD: n = 1), insufficient data (DS: n = 2; TD: n = 2), lost 

package (n = 1), and no 18-month session (DS: n = 3; TD: n = 5). In the TD group, one 

participant had odd light statistics but the data was still included in the current analyses. 

Considering that the study’s focus was on infants with and without an intellectual disability, 

collecting Actiwatch data on a large sample was remarkable. 

 Co-sleeping status. Questions regarding sleeping arrangements were obtained from the 

Centers for Disease Control & Prevention Infant Feeding Practices Study II (Centers for Disease 

Control & Prevention, 2017). Specific to co-sleeping status, parents were asked to respond to the 

question “How many nights per week did you and your baby usually lie down together or sleep 

together?” Response options included “baby did not usually lie down or sleep with me,” “less 

than 1 night a week,” “1 to 2 nights per week,” “3 to 4 nights per week,” “5 to 6 nights per 

week,” and “7 nights per week.” For coding and analyses, the average of each response option 

was calculated for an overall variable of average nights per week spent co-sleeping. As an 

example, “1 to 2 nights per week” was coded as 1.5 and “3 to 4 nights per week” was coded as 

3.5.  

 Bedtime routine. Questions regarding bedtime routine consistency were included from 

the Extended Brief Infant Sleep Questionnaire (BISQ) developed by Sadeh, Mindell, Luedtke, 

and Wiegand (2009). The expanded version of the BISQ asks parents to respond to questions 

regarding their infant’s daytime and nighttime sleep, sleeping arrangements, parental 

interventions, and bedtime rituals (Sadeh et al., 2009). We included one question from the 

expanded BISQ: “In a typical 7-day week, how often does your child have the exact same 
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bedtime routine?” Respondents rated the question as never, 1-2 nights per week, 3-4 nights per 

week, 5-6 nights/week, and every night. We also included a question on parents’ perceptions of 

the bedtime routine via “How important do you think it is for your child’s development to have a 

consistent sleep routine?” Parents rated their perceptions on a scale of Not at all important (1) to 

Extremely important (5). Higher scores reflected a more consistent bedtime routine and more 

importance in the impact of a consistent bedtime routine on child development. 

 General Health Questionnaire. The Child & Maternal Health Questionnaire was 

administered at all time points. This questionnaire queried parents on their infant’s current health 

and well-being (e.g., height, weight, medications, allergies, therapy, etc.), medical care, and 

parental health and well-being. Respondents were asked sleep-related questions such as “Has a 

doctor diagnosed your child with sleep apnea?” and “Has your child been involved in any sleep 

studies?” in a yes/no format. If the response to the question(s) was “yes” then the respondent was 

asked to provide details on the name of the doctor, the doctor’s contact information, and any 

additional notes. In some instances where the respondent said “no” but also commented further 

on the response, the information was included in the additional notes section. 

 Parental sleep was assessed for the past two weeks through questions such as “How many 

hours of sleep do you get per night?, “Is this waking up related to your child?”, and “How many 

times do you wake up per night?” The respondent was also asked to rate how well they slept at 

night on a scale of “very well” to “very poorly.” 

 Development. 

 

 Demographics. Participants also completed the Demographic questionnaire at all study 

time points. Two versions of the questionnaire were administered. The version at study entry 
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included questions on age, living situation, race/ethnicity, occupation, income, material hardship, 

and home expenses. On the other hand, the after-entry questionnaires included everything except 

race/ethnicity and fewer questions on material hardship and income. Participants responded to 

fill-in-the-blank or multiple choice questions such as “Which of these categories best describes 

your total combined family income for the past 12 months?,” “What time do you get to work?,” 

“What time do you get off work?,” “How many hours do you work per week?,” and “Do you have 

a consistent work schedule?” 

 A flexible or nonstandard work schedule was defined in accordance with the U.S. 

Department of Labor’s (n.d) definition of “an alternative to the traditional 9 to 5, 40-hour work 

week.” Since standard and non-standard work schedules are at the employer’s discretion, three 

employment coding schemes were developed: 1) standard work schedule (SW; as early as 8:00 

AM and no later than 5:00 PM), 2) nonstandard work schedule (NSW; night shifts or hours in 

between standard work schedule), and 3) unemployed (UN). In the instance that parents 

responded with ranges (e.g., total hours worked per week), an average was calculated for 

analyses.  

 Perceived Stress Scale 4 (PSS-4). The PSS is a widely used measure of perceived stress 

(Cohen, 1994). It was originally developed to assess stress in community samples with at least a 

high school education (Cohen, Kamarck, & Mermelstein, 1983). The PSS-4 is a shortened scale 

of the PSS-10 and comprises of the following questions rated on a scale of 0 (Never) to 4 (Very 

Often): In the last month, 1) how often have you felt that you were unable to control the 

important things in your life, 2) how often have felt confident about your ability to handle your 

personal problems, 3) how often have you felt that things were going your way, and 4) how often 

have you felt difficulties were piling up so high that you could not overcome them?. 
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 Appropriate institutional review board and ethics approval was obtained from the 

presiding university to conduct the study. 

Analysis 

 

We ran descriptive tests to determine the distribution of the data at the 18-month time 

point only. Subsequently, we conducted t-tests and ANOVAs to determine any statistically 

significant differences in employment between and within groups. In the presence of significant 

socio-demographic differences across groups, we ran a multiple analysis of covariance 

(ANCOVA) to determine whether effects remained after controlling for covariates. Statistical 

significance was defined with a p-value less than 0.05. All statistics were conducted using SPSS. 

Results 

Descriptive data 

 

Demographic variables. Based on Table 2, the average age of the infants was 1.50 years 

for the DS group and 1.48 years for the TD group. Infants were mostly male (DS: 60%; TD: 

54.7%), White, Non-Hispanic (DS: 83.6%; TD: 83.0%), and primarily English-speakers (DS: 

96.4%; TD: 98.1%). Approximately one-third of the infants were an only child in the DS group 

and 43.4% in the TD group. 

 Families in both groups were similar on socio-economic factors such as the percent of 

respondents who were married (94.5% vs. 88.7% for the DS and TD, respectively), the percent 

of family income less than $50,000 (12.7% vs. 18.9% for DS and TD, respectively) and the 

average years of maternal education (17.33 and 17.81 for the DS and TD, respectively). Six 

respondents either did not know or refused to answer the question regarding total household 

income at 18-months. 
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 There was no statistically significant difference on the socio-demographic variables 

between diagnosis groups. However, significant differences were found across employment 

categories on baby’s race/ethnicity (p = 0.041), gender (p = 0.004), hours worked per week (p < 

0.001), and maternal highest level of education (p = 0.005). The SW and UN groups were 

significantly different for infant gender (p = 0.006) while the SW and NSW groups were 

significantly different on maternal education (p = 0.004). Both the SW and NSW groups were 

significantly different from the unemployed group (p < 0.001). Post-hoc tests did not show 

significance across groups on baby’s race/ethnicity. 

ANOVA data 

 

Work schedule characteristics. Based on parental report, there were no statistically 

significant differences between groups on work schedules (χ2 (2, N = 104) = 1.623, p = 0.444). 

Hence, for the first research question, our hypothesis was not supported as there was no 

difference between groups on families working a standard work schedule, nonstandard work 

schedule, and unemployed. No statistically significant differences in the total number of hours 

worked per week were found for the DS group (M = 15.42, SD = 18.19) and TD group (M = 

20.86, SD = 18.93); t(102) = -1.497, p = 0.138, thereby supporting our hypothesis. 

Employment status and perceived sleep. Tables 3 and 4 illustrate the group and work 

schedule main effects, respectively, on parental sleep, infant sleep, and parental stress. There 

were no significant differences between infants with DS and TD on maternal sleep variables. 

Comparatively, all four actigraphy variables and two parent-reported sleep variables was 

significant between groups for children’s sleep. Specifically, 18-month-old infants with DS 

exhibited greater fragmentation index and average WASO as well as less total sleep time and 

poorer sleep efficiency. Parents of infants with DS were significantly less likely to report co-
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sleeping and highly rated the importance of a consistent bedtime routine. Inconsistent with our 

hypothesis, the average perceived stress approached significance and was higher in the DS group 

versus the TD group. 

Univariate ANOVA indicated no significant differences in maternal sleep across the 

work schedules in both groups (Table 4). Contrary to our hypothesis regarding differences in 

infant sleep time and quality, we found no significant differences on the actigraphy-derived 

parameters across the work schedules. A significant work schedule effect was found on the 

number of days an infant had the exact same bedtime routine (p = 0.035). Specifically, the 

average days/week of the exact same bedtime routine was lowest for SW schedules (5.31), 

higher for NSW schedules (5.62), and highest in the unemployed group (6.20). A significant 

work schedule effect on perceived stress was also found (p = 0.039) which supported our 

hypothesis. The average stress rating, from lowest to highest, with higher scores representing 

more stress, was for unemployed (2.71), NSW schedules (3.46), and SW schedules (4.10). 

Table 5 shows no statistically significant group x work schedule interaction effects on 

maternal sleep, infant sleep, and maternal perceived stress. Only one significant interaction was 

found for infant average WASO (p = 0.016). The smallest to highest average WASO in minutes, 

for the DS group, was for SW schedules (118.98), unemployed (125.52), and NSW schedules 

(150.83). For the TD group, smallest WASO was for the NSW schedules (61.95), followed by 

SW schedules (80.84), and unemployed (89.89). Post-hoc tests showed no significant differences 

within groups on infant WASO. 

 We conducted a two-way analysis of covariance (ANCOVA) to determine a statistically 

significant difference between diagnosis group and work schedule categories on infant’s average 

WASO (minutes) after controlling for infant’s gender, infant’s race/ethnicity, highest level of 
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maternal education, and average hours worked per week. Individually, none of the covariates had 

a statistically significant effect on infant WASO; infant gender (p = 0.667), maternal level of 

education (p = 0.507), infant race/ethnicity (p = 0.514), and hours worked per week (p = 0.219). 

There was a significant effect of diagnosis on infant WASO after controlling for the four 

covariates, F(1, 82) = 48.203, p < 0.001. The diagnosis group x work schedule interaction 

remained statistically significant as well, F(2, 82) = 4.127, p = 0.020. Effect size, as indicated by 

partial eta squared, was 0.091 for the interaction signifying that 9.1% of any variation in infant 

WASO is explained by diagnosis and type of work schedule. The effect size for diagnosis, by 

itself, was 0.370 hence 37.0% of the variance in infant WASO is explained. 

Discussion 

 

 In a sample of 55 infants with DS and 53 infants who are typically developing, this study 

found no significant differences between groups on work schedules. Furthermore, consistent 

with our hypothesis, there were no significant differences in the total number of hours worked 

per week between the two groups. Differences between diagnosis groups were found on infant 

sleep parameters and parental perceived stress; however, no differences emerged on the parent’s 

sleep profile. The only variable found to differ across the three employment categories was the 

reported average days per week of an exact same bedtime routine and parental perceived stress. 

More explicitly, parents working a standard work schedule were least likely to report a 

implementing a consistent bedtime routine followed by parents working a nonstandard schedule 

and unemployed. Perceived stress was lowest among parents who were unemployed followed by 

parents in the nonstandard work schedule group and standard work schedule group. Finally, 

infant’s average WASO was significantly different by diagnosis group and work schedule; 

infants with DS whose parent worked a nonstandard schedule exhibited the highest WASO 
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(150.83 minutes) while TD infants whose parent was unemployed had the highest WASO (89.89 

minutes). The effect remained after controlling for infant’s gender, infant’s race/ethnicity, and 

maternal level of education. 

These findings contribute to the minimal literature on employment patterns in DS. 

Studies with other atypical populations illustrate that families who care for a child with certain 

intellectual disabilities are more likely to quit their job, work less hours, and experience financial 

burden (Ouyang et al., 2014). Since Ouyang et al. (2014) did not include a sample of children 

with DS, we should proceed with caution when translating their results to other populations of 

intellectual disability. Nonetheless, the current study indicates the opposite with the DS group 

working an average of 15.42 hours/week and the TD group working 20.86 hours/week. This 

finding contradicts with Erickson Warfield (2001) who found that two-thirds of mothers of 5-

year-old children with DS, developmental delay, or motor impairment, were employed. This is 

key to understand because despite caring for an infant with an intellectual disability, parents are 

continuing employment in some manner as opposed to staying at home. Although we did not 

assess why parents, particularly mothers, pursued employment there is no doubt of the increasing 

trend towards incorporating employment and child rearing activities as well as a need for 

financial stability in today’s economic climate. 

Consistent with previous research, we also found differences in infant sleep behavior 

between both diagnosis groups (Breslin et al., 2014; Edgin et al., 2015). Infants with DS 

exhibited less sleep time, poor sleep efficiency, higher fragmentation index, and higher WASO 

in comparison to their typically developing counterparts. Interestingly, parents of infants with DS 

reported less nights spent co-sleeping per week. The advantages and disadvantages of co-

sleeping is a highly debated topic as it relates to parental perceptions in addition to cultural and 
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societal norms (Ball, 2009; Morgan, Horn, & Bergman, 2011; Ramos, Youngclarke, & 

Anderson, 2007; Tollenaar et al., 2012). One reason for not co-sleeping as much in families of 

infants with DS, could be to help the infant self-regulate their sleep. Another reason relates to co-

morbid health conditions such as cardiovascular defects, obstructive sleep apnea syndrome, 

gastrointestinal issues, etc. which are quite common in DS (Bull & the Committee on Genetics, 

2011). If the infant has no co-morbid health conditions and/or the conditions are not severe, then 

parents may not feel the need to continuously monitor their baby during the night. The low rates 

of co-sleeping in DS, however, also indicate that parents are less likely to detect sleep issues. 

Since parents are not sleeping with their infant in the same bed and/or room, they are unaware of 

any sleep issues affecting their infant. This presents a huge barrier to diagnosing and treating 

sleep problems and has important implications for pediatricians and other healthcare providers to 

accurately and timely assess sleep behaviors across individuals with DS. 

The New York State Department of Health (NYSDOH, n.d) published clinical practice 

guidelines for young children with DS (ages 0-3 years) and sleep is mentioned in two contexts. 

First, in the context of medical problems that are associated with DS, specifically obstructive 

airway disease. Second, when discussing early intervention assessment and monitoring. This 

highlights a need to educate and inform healthcare professionals across all levels (general and 

specialists) the importance of sleep in DS. The report does, however, take into account the 

family’s priorities, resources, and concerns of which finances are a part of but not heavily 

emphasized.  

The current study also found differences across the employment categories on the 

average days per week of the exact same bedtime routine. Specifically, unemployed parents 

reported highest number of days having the exact same bedtime routine followed by those with a 
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nonstandard work schedule and standard work schedule. This does not support our hypothesis of 

significant employment differences on infants’ total sleep time and sleep quality. Recent research 

has found the important role of consistent bedtime routines on infant sleep health. Lee, Hale, 

Berger, and Buxton (2018) found maternal perceived work flexibility to influence how much 

children slept with less flexibility associated with less sleep. However, this was mediated by 

regular bedtime routines wherein consistent routines counteracted the damage of rigid work 

schedules. Our results somewhat align with this finding in that families in the SW schedule 

group engaged in fewer days of a consistent bedtime routine. Infant’s total sleep time was 

highest in the SW schedule group; though this finding was not significant across the employment 

categories. Differences in our results from Lee, Hale, Berger, and Buxton (2019) could be 

attributed to our study focusing on infants at 18-months-old and the latter study on children ages 

5-9 years-old. Nevertheless, future studies should consider different aspects of the bedtime 

routine, night-wakening episodes, and parental work schedules when investigating the impact of 

parental employment on infant sleep health. 

Inconsistent with our hypothesis regarding parents of infants with DS to exhibit higher 

stress, we did not find group differences in parent-perceived stress, however, parents with a 

standard work schedule reported the highest stress on the PSS-4. Firstly, parents in the DS group 

rated higher on the stress scale in comparison to TD families, but the findings were not 

significant (3.69 vs. 2.94, respectively). Past research suggests that parents of children with DS 

experience less parenting stress (Hodapp, Ly, Fidler, & Ricci, 2001). However, we believe that 

there are a myriad of child-level and family-level factors that influence parenting stress, one of 

which is employment. Observing no significant group x employment interaction, there is some 

aspect of employment that contributes to stress or lack thereof among parents of infants with and 
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without DS. Stress among parents with a standard work schedule may be associated with 

continuing work at home (e.g., preparing meals, going shopping, taking care of child, etc.). 

Therefore, parents in this group have two jobs - paid outside of home and non-paid partial 

homemaker. In our study, respondents who were unemployed exhibited the least perceived stress 

which can be attributed to the integration of being a parent into a prior-existing routine and/or 

having control over the workload while taking care of the child. However, parent(s) who are 

unemployed are also tasked with just as much responsibility as parents employed outside of the 

home. Future work should help distinguish which aspects of the employment environment 

influence stress among families with and without DS while taking into consideration moderating 

factors such as social support and infant health co-morbidities. 

Strengths, Limitations, & Future Directions  

 

The study is noteworthy on many fronts, most especially the large sample size among 

infants with DS and typically developing at 18-months of age. In any longitudinal study, we are 

careful to maintain contact with participants for completion of all study sessions and have the 

lowest attrition rate. Finding and tracking infants, especially those diagnosed with DS, across 

multiple time points was a feat in and of itself. Most importantly, we evaluated the impact of 

parental employment on infant sleep, a topic understudied in this population. Parental 

employment is a complex topic and incorporates elements that influence child development 

including, but not limited to, maternity leave, work schedule, and work flexibility. Infancy is a 

crucial stage of development and the interconnectedness within the family system and other 

environments are bound to influence infant sleep. 

Additionally, we incorporated objective measures of sleep with actigraphy. This is a key 

point because research suggests that parents are inaccurate reporters of certain sleep behaviors 
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among infants and children (Breslin et al., 2014; Sadeh, 1996). However, this depends on 

whether quality or quantity of sleep is being assessed. Although we collected subjective 

measures of sleep, we used objective measures for obvious reasons. We also observed high 

compliance in infants wearing the Actiwatch for a minimum of five days. 

 Despite these strengths, this study was not without limitations. One limitation is the 

cross-sectional nature of the study. Employment patterns and infant sleep can change over time 

therefore instead of taking an 18-month snapshot, looking at the data from 6-months to 24-

months would have provided a clear picture of this relationship. Another limitation is looking at 

employment in only one parent, primarily the mother, in this study. Future studies should seek to 

look at employment details for both parents and/or caregivers. It is also important to assess 

whether families pursue formal daycare with set drop-off and pick-up times as opposed to 

leaving the infant in the care of family members and relatives.  

 Altogether, we highlight the value of parental employment on infant sleep behaviors in 

DS. There are implications for employers, healthcare providers, and families both with and 

without intellectual disability. As individuals, we are not separate from our internal and external 

environments; instead we engage in multidirectional interactions across people and 

environments. We have presented evidence of how factors at the parental level influence infant 

developmental outcomes. Therefore, when we focus on studying and/or improving infant sleep 

outcomes, evaluating the family, healthcare, and work contexts plays a vital role in explaining 

infant development and should be considered accordingly in future studies. 
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Figure 1. Summary of the family as part of a larger system (top) and interactive characteristics 

within the family that influence sleep (bottom). 
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Figure 2. AzSDS consort diagram. 
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Table 1 

 

Summary table of study measures across all time points. 

  Study Time Point 

  6-months 12-months 18-months 24-months 

Sleep 

 Actiwatch X X X X 

 CSHQ X X X X 

 ISQ X X X X 

 Healthcare Service Access    X 

Language 

 LENA X X X X 

 
LENA Sessions Recording 

Questionnaire 
X X X X 

 MBCDI - W&G X X X X 

 MBCDI - W&S   X X 

Development 

 ASQ-3 X X X X 

 BRIEF    X 

 CSBS-DP X X X X 

 ITSEA X X X X 

 Demographics X X X X 

 
General Health 

Questionnaire 
X X X X 

 M-CHAT R   X X 

 MTESI    X 

 My Baby’s Feeding Habits X X X X 

 PSI - SF X X X X 

 
Prenatal History 

Questionnaire 
Depends on age at study entry. 

 SIB-R EDF X X X X 

 
Your Child’s Routine & 

Activities 
   X 

Note. All of these measures were included in the parent study; the measures incorporated in the current paper and analyses are 

highlighted in yellow. 
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Table 2 

Study demographic characteristics at 18-months. 

  DS 

(n = 55) 

TD 

(n = 53) 
t / F p 

Infant’s demographic 

characteristics 

    

 Mean age, years (SD) 1.50 (0.04) 1.48 (0.14) 1.277 0.204 

 % Male 60 54.7 -0.551 0.583 

 % White, Non-Hispanic 83.6 83.0 -0.175 0.861 

 % Primary Language - 

English 
96.4 98.1 0.549 0.584 

 % Only child 32.7 43.4 -1.291 0.199 

Social background factors     

 % Married 94.5 88.7 6.203 0.070 

 Mean hours worked per week 

(SD) 

15.42 

(18.19)a 

20.86 

(18.93)b 
-1.497 0.138 

 % Family income < $50,000 12.7 18.9 -0.669 0.505 

 Mean maternal education, 

years 
17.33 17.81 -1.404 0.163 

Note. DS - Down syndrome; TD - Typically developing; a - based on n = 53; b - based on n = 51  
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Table 3 

Group main effects for parental sleep and stress, and infant sleep characteristics at 18-months. 

  DS (n = 48) TD (n = 51) F p 

Parental sleep profile     

 
Mean sleep quality 

rating (SD) 
2.73 (1.18) 2.65 (0.98) 0.62 0.432 

 
Mean total sleep 

time (SD) 
7.28 (0.95) 7.15 (1.12) 0.21 0.645 

 

Mean number of 

night wakings 

(SD) 

1.67 (1.52) 1.88 (1.34) 0.47 0.495 

 
% Waking up 

related to infant 
45.8 64.7 3.24 0.075 

      

Infant sleep profile n = 48 n = 48   

 
Mean sleep time 

(SD; minutes) 
464.27 (44.57)** 508.95 (61.97)** 7.92 0.006 

 
Mean sleep 

efficiency (SD; %) 
75.11 (5.65)** 83.79 (5.16)** 53.76 0.000 

 

Mean 

fragmentation 

index (SD) 

39.97 (6.80)** 34.84 (5.79)** 11.98 0.001 

 

Mean wake after 

sleep onset (SD; 

minutes) 

132.40 (39.46)** 82.22 (30.06)** 48.75 0.000 

 

Mean days/week 

of exact same 

bedtime routine 

(SD) 

6.02 (1.20)a 5.62 (1.75) b 2.30 0.133 

 

Mean nights/week 

of co-sleeping 

(SD) 

1.17 (2.34)a* 2.90 (3.40) b* 9.54 0.003 

 

Mean rating of 

importance in 

infant sleep routine 

consistency (SD) 

4.44 (0.63)a* 4.17 (0.70)b* 4.23 0.042 

      

Parental perceived stress n = 55 n = 53   

 
Mean stress rating 

(SD) 
3.69 (2.99) 2.94 (2.31) 3.66 0.059 

Note. DS - Down syndrome; TD - Typically developing; * - statistically significant at p < 0.05; ** - statistically significant at p < 

0.001; a - based on n = 55; b - based on n = 53. 
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Table 4 

Work schedule main effects for parental sleep and stress, and infant sleep characteristics at 18-

months in both groups 

  
Standard (SW) Nonstandard 

(NSW) 

Unemployed (UN) 
F p 

Demographic profile n = 29 n = 26 n = 49   

 
Mean age, years 

(SD) 
1.55 (0.05) 1.52 (0.05) 1.55 (0.06) 2.30 0.106 

 
White, Non-

Hispanic (N) 
20 23 43 3.31 0.041 

 Baby Gender (N) 11 M, 18 F 12 M, 14 F 36 M, 13 F* 5.95 0.004 

 
Family income < 

$50,000 (N) 
1 5 10 0.05 0.950 

 
Mean maternal 

education, years 
18.31 16.85* 17.47 5.57 0.005 

       

Parental sleep profile n = 29 n = 26 n = 44   

 
Mean sleep quality 

rating (SD) 
2.86 (0.92) 2.81 (1.27) 2.50 (1.05) 1.25 0.293 

 
Mean total sleep 

time (SD) 
7.22 (0.81) 6.96 (1.16) 7.35 (1.09) 1.31 0.275 

 
Mean number of 

night wakings (SD) 
1.97 (1.91) 2.04 (1.07) 1.50 (1.21) 1.56 0.216 

 
% Waking up related 

to infant 
1.72 (0.92) 1.42 (0.70) 1.77 (1.08) 1.59 0.209 

       

Infant sleep profile n = 27 n = 21 n = 44   

 
Mean sleep time 

(SD; minutes) 
501.20 (54.19) 463.50 (69.51) 493.54 (51.27) 2.48 0.089 

 
Mean sleep 

efficiency (SD; %) 
81.92 (6.27) 77.67 (8.08) 79.07 (6.46) 1.05 0.354 

 
Mean fragmentation 

index (SD) 
35.17 (6.87) 39.10 (6.87) 37.90 (6.64) 1.28 0.283 

 

Mean wake after 

sleep onset (SD; 

minutes) 

94.96 (37.06) 121.20 (55.84) 107.71 (38.12) 0.431 0.651 

 

Mean days/week of 

exact same bedtime 

routine (SD) 

5.31 (2.04)a* 5.62 (1.41)b 6.20 (1.08)c* 3.47 0.035 

 
Mean nights/week of 

co-sleeping (SD) 
1.74 (3.03) a 2.54 (3.08)b 1.92 (3.02)c 1.06 0.351 

 

Mean rating of 

importance in infant 

sleep routine 

consistency (SD) 

4.21 (0.86) a 4.35 (0.56)b 4.35 (0.63)c 0.176 0.839 

       

Parental perceived stress n = 29 n = 26 n = 49   

 
Mean stress rating 

(SD) 
4.10 (3.18) 3.46 (2.70) 2.71 (2.26) 3.36 0.039 

* - statistically significant at p < 0.05; a - based on n = 29; b - based on n = 26; c - based on n = 49. 
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Table 5 

Interaction effects of diagnosis group and work schedule on sleep and stress at 18-months. 

  DS TD  

  Standard 

(SW) 

(n = 12) 

Nonstandard 

(NSW) 

(n = 15) 

Unemployed 

(UN) 

(n = 26) 

Standard 

(SW) 

(n = 17) 

Nonstandard 

(NSW) 

(n = 11) 

Unemployed 

(UN) 

(n = 23) 

F p 

Parental sleep profile         

 Mean sleep quality 

rating (SD) 

3.00 

(0.74) 
3.07 (1.44) 2.33 (1.11)+ 

2.76 

(1.03) 
2.45 (0.93) 2.65 (0.98) 1.62 0.204 

 Mean total sleep time 

(SD) 

7.00 

(0.86) 
7.03 (1.03) 7.62 (0.88) + 

7.38 

(0.76) 
6.86 (1.36) 7.11 (1.22) 1.61 0.206 

 Mean number of night 

wakings (SD) 

1.96 

(2.27) 
1.93 (1.12) 1.32 (1.22) + 

1.97 

(1.69) 
2.18 (1.03) 1.67 (1.20) 0.12 0.885 

 % Waking up related to 

infant 
41.7 46.7 47.6 52.9 90.9 60.9 0.60 0.549 

          

Infant sleep profile n = 10 n = 14 n = 22 n = 17 n = 7 n = 22   

 Mean sleep time (SD; 

minutes) 

470.57 

(49.35) 

463.75 

(43.88) 

466.87 

(43.35) 

519.22 

(49.71) 

462.98 

(109.23) 

520.21 

(44.87) 
1.83 0.167 

 Mean sleep efficiency 

(SD; %) 

77.55 

(6.32) 

73.43 

(6.23) 

75.47 

(4.68) 

84.49 

(4.73) 

86.16 

(2.80) 

82.67 

(6.02) 
2.01 0.140 

 Mean fragmentation 

index (SD) 

36.67 

(8.20) 

41.66 

(6.34) 

40.38 

(6.21) 

34.28 

(6.05) 

33.98 

(4.92) 

35.42 

(6.24) 
0.93 0.397 

 Mean wake after sleep 

onset (SD; minutes) 

118.98 

(40.92) 

150.83 

(41.89) 

125.52 

(34.46) 

80.84 

(26.79) 

61.95 

(21.14) 

89.89 

(33.52) 
4.32 0.016 

 Mean days/week of 

exact same bedtime 

routine (SD) 

5.58 

(1.64) 

6.00 

(0.73) 

6.21 

(1.21) 

5.12 

(2.32) 

5.09 

(1.92) 

6.20 

(0.95) 
0.78 0.461 

 Mean nights/week of 

co-sleeping (SD) 

1.29 

(2.70) 

1.17 

(2.29) 

1.19 

(2.36) 

2.06 

(3.29) 

4.41 

(3.11) 

2.74 

(3.49) 
1.26 0.287 

 Mean rating of 

importance in infant 

sleep routine 

consistency (SD) 

4.50 

(0.52) 

4.47 

(0.64) 

4.38 

(0.70) 

4.00 

(1.00) 

4.18 

(0.40) 

4.30 

(0.56) 
0.86 0.425 

          

Parental perceived stress n = 12 n = 15 n = 26 n = 17 n = 11 n = 23   

 Mean stress rating (SD) 5.42 

(3.80) 

3.60 

(3.07) 

2.96 

(2.36) 

3.18 

(2.35) 

3.27 

(2.24) 

2.44 

(2.17) 
1.19 0.308 

Note. DS - Down syndrome; TD - Typically developing; + - based on n = 21. 
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STUDY 2: Co-sleeping patterns among infants with Down syndrome 
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Abstract 

 

Co-sleeping is an increasingly common phenomenon in the United States, but it is predominant 

in Eastern cultures (Baddock, Galland, Bolton, Williams, & Taylor, 2006; Burnham, 2013). Co-

sleeping can be defined a myriad of ways depending on the nature of co-sleeping (e.g., room-

sharing vs. bed-sharing), duration of co-sleeping (e.g., short-term vs. long-term), and frequency 

of co-sleeping (e.g., nights per week spent co-sleeping). There is evidence of advantages and 

disadvantages to co-sleeping; however, limited research has been conducted among infants with 

medical risk and specific neurodevelopmental disorders impacting sleep in infancy. Therefore, 

the current study investigated co-sleeping behaviors, sleep efficiency, and daytime regulation 

among infants with Down syndrome (DS) (N = 55) and typically developing infants (TD) (N = 

53) at 18-months-old. We found significant differences in average nights per week spent co-

sleeping with the TD group displaying more nights co-sleeping than the DS group. Furthermore, 

sleep efficiency was significantly poorer for the DS group (75.11%) in comparison to TD 

children (83.79%). The mean nights per week spent co-sleeping was not significantly correlated 

with sleep efficiency in either groups of infants. There were significant between-group 

differences in socio-emotional outcomes and adaptive behavior however, we found no significant 

correlations with mean nights per week spent co-sleeping. Findings help illuminate the 

relationship between sleep behaviors and daytime regulation as early as 18-months of age among 

infants with and without DS. The differential sleeping arrangements within co-sleeping in the 

two groups dictate a need to further study the type and duration of co-sleeping during infancy 

and its impact on development in children at risk for sleep disturbances. 
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Introduction 

 

 Co-sleeping is a cultural practice that impacts sleep for parents and their infants (Anders 

et al., 1992; Baddock et al., 2018). It is predominant in Eastern cultures such as Asia but not as 

common in Western cultures; only in the past decade do we see higher rates of co-sleeping in 

countries such as the United States (Baddock, Galland, Bolton, Williams, & Taylor, 2006; 

Burnham, 2013). Defining co-sleeping is difficult since it involves a diverse set of practices. 

Nonetheless, co-sleeping is broadly associated with “bed-sharing” which is defined as the infant 

sharing the bed with parents (Burnham, 2013). In contrast, “room-sharing,” which is also a co-

sleeping practice, involves the infant sleeping in a crib or bed in the same room as the parents 

and/or siblings (Mindell & Owens, 2015). Adding on to the complexity of defining co-sleeping is 

its duration. In one study, investigators distinguished among three types of co-sleepers: short-

term (co-sleeping 2 times/week or more for less than 6 months), long-term (co-sleeping 2 

times/week or more for at least 6 months), and non-co-sleepers (co-sleeping less than 2 

times/week or not at all) (Hunsley & Thomas, 2002). Beyond duration, it is also important to 

consider three reason(s) behind co-sleeping: reactive co-sleeping (solitary sleeping arrangements 

are preferred, but co-sleeping occurs in response to sleep issues) and voluntary co-sleeping (co-

sleeping arrangements are preferred) (Sadeh, Tikotzky, & Scher, 2010). 

 Research suggests that there may be both advantages and disadvantages to co-sleeping 

behaviors in the context of the family system (Baddock et al., 2018). Ramos, Youngclarke, and 

Anderson (2007) found that parents who voluntarily co-sleep believe that night waking is a 

natural phenomenon and do not consider co-sleeping as a problem. Here, the parents’ values and 

practices surrounding co-sleeping dictate the infant’s sleep environment. Co-sleeping is also 

found to help with physiological regulation so directly impacting the infants’ characteristics. 



55 
 
 

Morgan, Horn, and Bergman (2011) found not only a 176% increase in heart rate variability but 

also 86% reduction in quiet sleep among 2-month-olds who slept separately. In another study, 

exposure to a mild stressor stimulated cortisol secretion among 5-week-old infants who were not 

co-sleeping (Tollenaar et al., 2012). 

 Yet many studies indicate that infants who co-sleep exhibit frequent but brief arousals 

and other sleep problems as they are older, between 2-years and 3-years of age (Madansky & 

Edelbrock, 1990; McKenna, Mosko, Dungy, & McAninch, 1990). In a sample of Hispanic-

American children ages 6-months to 48-months of age, Schachter, Fuchs, Bijr, and Stone (1989) 

found significant differences in sleep problems between frequent all-night co-sleepers and non-

co-sleepers with three times more sleep problems in the former group. In addition, co-sleeping 

was more common among single parents residing in multiple households with only-children or 

firstborn child between 13-months to 48-months of age. This brings forth the interconnectedness 

of the family and how sleeping practices influence everyone involved including parents, siblings, 

and children.  

 The relationship between co-sleeping and infant behavior has been studied by some 

researchers either as a direct or indirect outcome. For example, Kelmanson (1999) examined 

behavioral characteristics of bed-sharing infants (ages 2-4 months). Solitary sleepers not only 

exhibited a significantly positive mood during the day but also more persistent behavior. 

Meanwhile, bed-sharers were less persistent overall and exhibited the most negative mood, 

especially when sharing the bed with both parents instead of one parent. Another study by 

DeLeon and Karraker (2007) found co-sleeping related to maternal perceptions of increased 

levels of infant separation distress, negative mood, dysregulation, and management difficulty 

among 9-month-olds. Data suggested parents utilize co-sleeping to deal with poor infant 
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behavior or breastfeeding convenience as opposed to being a direct cause of night waking 

(DeLeon & Karraker, 2007). 

The accumulated evidence on co-sleeping is contradictory due to sample size, type of co-

sleeping method, subjective and objective measures of sleep, and the family and cultural contexts 

(Baddock et al., 2018; Ball, 2009). Furthermore, studies have primarily focused on healthy 

cohorts of infants. There is minimal to no research regarding co-sleeping practices for infants 

with Down syndrome (DS) let alone assessing the relationship between co-sleeping and daytime 

regulation. One study by Cotton and Richdale (2006) found children with autism were more 

likely to exhibit co-sleeping and settling difficulties while children with DS and presumed 

familial intellectual disability (FID) displayed sleep maintenance problems. Robinson and 

Richdale (2004) conducted a study with children with intellectual disability (ages 4 to 18 years) 

and found that 34.7% of parents reported co-sleeping as a problem in the past and 25% listed co-

sleeping as a current problem. Children with DS were included in the study, however, there was 

no information on the distribution of sleep problems (past and present) by intellectual disability 

type. 

There is no doubt that sleep interacts with functioning at the parental level and the infant 

level, individually as well as within the dyad and/or triad within the family relationships. These 

associations are complex in typically developing families. As such, in families of children with 

sleep and developmental disorders, co-sleeping behavior can have a wide impact across all levels 

of the family system. Individuals with DS also experience multiple health co-morbidities with 

some of the common ones being hearing and vision problems, obstructive sleep apnea syndrome, 

otitis media, congenital heart defects, and enlarged tonsils and adenoids (Bull & the Committee 

on Genetics, 2011). Studies using questionnaires and polysomnography indicate not only a high 
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prevalence rate of sleep disordered breathing and upper airway restriction but also other sleep 

disturbances such as bedtime resistance, parasomnias, and daytime sleepiness (Carter, 

McCaughey, Annaz, & Hill, 2009; de Miguel-Diez, Villa-Asensi, & Alvarez-Sala, 2003; Dyken 

et al. 2003; Southall et al., 1987). The sleep and clinical profiles of DS add another layer of 

complexity to understanding nighttime sleep behaviors. For instance, parents may opt to co-sleep 

with their child to ensure that their child’s sleep disturbances and/or health issues are not severe 

overnight. On the other hand, parents may opt out of co-sleeping believing that co-sleeping may 

exacerbate their child’s sleep and health issues. 

In this study, we examine co-sleeping behavior in families with a child with DS versus 

typically developing children. We examine the influence of this family practice on sleep quality 

and daytime behavior in these groups. 

The current study seeks to evaluate the following: 

RQ1: Given the dearth of literature regarding co-sleeping in families with DS, 

what is the rate and type of co-sleeping arrangement among 18-month-old infants with 

DS and TD? 

RQ2: Is there an association between co-sleeping frequency and infant sleep 

efficiency among 18-month-olds using objective and subjective measures? 

 H2: Considering the contradictory evidence surrounding co-sleeping, 

infants who co-sleep will have poorer sleep efficiency scores and greater parent-related 

sleep disturbance (Baddock et al., 2018). This relationship will be the same for both 

groups. 

RQ3: Is there an association between co-sleeping status and child daytime 

regulation after taking into account co-varying factors such as nighttime differences? 
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 H3: Given the evidence on infant sleep affecting individual and family 

functioning, we hypothesize that co-sleeping status will relate to daytime regulation, with 

co-sleepers showing better behavioral outcomes in both groups (El-Sheikh & Kelly, 

2017; Kelmanson, 1999). 

 This research furthers our understanding of sleep practices and behaviors among 

individuals with developmental delay. Furthermore, since co-sleeping includes bed-sharing and 

room-sharing, the study will describe different types of co-sleeping among the DS and typical 

group. We will also describe the rate of partial co-sleeping (first part of the night), partial co-

sleeping (last part of the night), full co-sleeping (all of the night). To our knowledge, few 

researchers have incorporated parent-report and objective measures of sleep such as an 

Actiwatch to study co-sleeping behaviors among infants with DS (Fernandez et al., 2017). 

Further, studies of sleep among infants with DS have neglected a family systems approach which 

is utmost important since sleep is a dynamic and interactive setting for infants and sets the stage 

for sleep habits later in life. 

Methods 

 

Research Study Design 

 

 The present paper will analyze data from The Arizona Sweet Dreams Study (AzSDS). 

This is a national, longitudinal study in the United States that examines how sleep relates to 

language, behavior, health, and developmental outcomes among infants with and without DS, 

ages 6-months-old to 24-months-old. 

Recruitment 
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 Families were recruited based on whether they had an infant between the ages of 0-

months and 24-months and were grouped as follows: 1) diagnosed with Down syndrome (DS) (N 

= 59), 2) typically developing and born pre-term (< 37 weeks gestation) (N = 9), 3) typically 

developing and at-risk (sibling with autism) (N = 3), and 4) typically developing and born full-

term (≥ 37 weeks gestation) (N = 56). Figure 2 illustrates the enrollment flow in the study. 

Diagnosis of DS was confirmed via a karyotype or medical report collected through medical 

records with only infants diagnosed with Trisomy 21 included in the study. Study exclusion 

criteria followed prior research conducted in lab (Breslin et al., 2014; Edgin et al., 2015): 1) 

diagnosis of Translocation or Mosaicism, 2) head injury resulting in over 5 minutes of 

unconsciousness, 3) brain trauma, 4) seizure disorder, 5) epilepsy, 6) meningitis, 7) accidental 

poisoning, 8) cerebral palsy, 9) chemotherapy or radiation therapy, 10) other chromosomal 

abnormalities, and 11) non-English as the primary language at home. 

 Recruitment occurred through local and national syndrome-specific registries, 

community events, flyers, social media, parent and support groups, and word-of-mouth. Potential 

participants were contacted by phone, e-mail, and/or text message to provide information about 

the longitudinal study and to schedule a day and time to complete a screener, answer questions or 

concerns regarding the research, and schedule for the study. Families were scheduled every six 

months beginning at 6-months-old until 24-months-old for a maximum of four sessions or time 

points. The infant’s age at study entry determined the total number of sessions; for example, if an 

infant was already 8-months-old, s/he completed the 12-month, 18-month, and 24-month 

sessions. The sessions were scheduled within a four-week window at each time point. 

Specifically, parents scheduled two weeks before and after the infant’s birthday to complete the 

session. 



60 
 
 

Data collection 

 

 All sessions for the parent study were conducted at the participant’s home. Participants 

received the study materials either via FedEx or in-person by a member of the research team. 

The study package included seven items: 1) a magnet with dates and times for all study sessions, 

2) a small token of appreciation for the infant, 3) hard-copy of instructions, 4) an Actiwatch 

(objective measure for sleep), 5) a Language ENvironmental Analysis (LENA) digital language 

processor (DLP; objective measure for language), 6) developmental questionnaires, and 7) pre-

paid FedEx return label, if necessary. 

 In addition to the materials, parent(s) were asked to complete a phone interview at all 

time points; the interview lasted approximately 2.0 hours during which they completed a battery 

of questionnaires. These questionnaires were entered into the Qualtrics platform for effective 

data collection and management purposes. One of two trained graduate research assistants 

administered the phone interviews at all time points at a date and time convenient for the family. 

Prior to the interview appointment, participants were e-mailed a response card with a list of 

specific questionnaires and their corresponding rating scales. Interviews were completed in a one 

two-hour session or two one-hour sessions; families needing additional time to complete the 

interview either extended the interview or scheduled for another date, depending on their 

preference. Under specific circumstances, families who could not complete the phone interview 

completed the questionnaires online through a unique, personalized link for Qualtrics (N = 4). 

 At the end of each session, participants received a $40.00 or $50.00 gift card to Target or 

store of preference with the latter given to families if they completed the study and returned the 

materials to the lab within two weeks of receiving them. 
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Measures 

  

 Table 1 summarizes the measures administered at each time point while follows are 

details regarding the measures relevant to the research questions in this study. 

 Sleep. 

 

 Actigraphy. An Actiwatch-2 monitor was incorporated to objectively measure sleep 

parameters in infants (Phillips Respironics, 2017). The monitor is non-invasive and similar to a 

Fitbit monitor that adults typically wear on their wrist. Families were instructed to place the 

monitor on their infant’s non-dominant ankle (almost always the left ankle) for at least seven 

consecutive days and nights at all time points; a minimum of five nights was required to analyze 

the data per recommendations by Acebo et al. (1999). Participants were also asked to press a side 

button on the Actiwatch every time they placed their infant down for a nap or sleep and picked 

them up from a nap or sleep. Parents completed a sleep diary that coincided with the Actiwatch 

and documented the times and locations of naps and sleep. This was critical because the 

Actiwatch tracks movement and sleeping arrangements and nighttime feeding behavior can 

influence infant movement in a variety of ways. 

 Actiwatch data was scored manually by two trained research assistants to determine 

average sleep efficiency. Interrater reliability was calculated to determine adherence to the 

scoring protocol. Actigraphy data was excluded in the currently analyses for the following 

reasons in the DS group: incomplete or no sleep diary (DS: n = 2; TD: n = 1), insufficient data 

(DS: n = 2; TD: n = 2), lost package (n = 1), and no 18-month session (DS: n = 3; TD: n = 5). In 

the TD group, one participant had odd light statistics but the data was still included in the current 
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analyses. Considering that the study’s focus was on infants with and without an intellectual 

disability, collecting Actiwatch data on a large sample was remarkable. 

 Co-sleeping status. Questions regarding sleeping arrangements were obtained from the 

Centers for Disease Control & Prevention Infant Feeding Practices Study II (Centers for Disease 

Control & Prevention, 2017). Specific to co-sleeping status, parents were asked to respond to the 

question “How many nights per week did you and your baby usually lie down together or sleep 

together?” Response options included “baby did not usually lie down or sleep with me,” “less 

than 1 night a week,” “1 to 2 nights per week,” “3 to 4 nights per week,” “5 to 6 nights per 

week,” and “7 nights per week.” For coding and analyses, the average of each response option 

was calculated for an overall variable of average nights per week spent co-sleeping. As an 

example, “1 to 2 nights per week” was coded as 1.5 and “3 to 4 nights per week” was coded as 

3.5.  

 Parents were also asked “On the nights you lay down with or slept with your baby, did 

you usually have the baby with you all night or part of the night? (Include time the baby was in a 

co-sleeper)” Responses included all of the night, the first part of the night only, the last part of 

the night only, several short times throughout the night, and N/A.   

 Development. 

 

 Demographics. Participants also completed the Demographic questionnaire at all study 

time points. Two versions of the questionnaire were administered. The version at study entry 

included questions on age, living situation, race/ethnicity, occupation, income, material hardship, 

and home expenses. On the other hand, the after-entry questionnaires included everything except 

race/ethnicity and fewer questions on material hardship and income.  
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 General Health Questionnaire. The Child & Maternal Health Questionnaire was 

administered at all time points. This questionnaire queried parents on their infant’s current health 

and well-being (e.g., height, weight, medications, allergies, therapy, etc.), medical care, and 

parental health and well-being. Respondents were asked sleep-related questions such as “Has a 

doctor diagnosed your child with sleep apnea?” and “Has your child been involved in any sleep 

studies?” in a yes/no format. If the response to the question(s) was “yes” then the respondent was 

asked to provide details on the name of the doctor, the doctor’s contact information, and any 

additional notes. In some instances where the respondent said “no” but also commented further 

on the response, the information was included in the additional notes section. 

 Infant-Toddler Social and Emotional Assessment (ITSEA). The ITSEA parent form 

measures social or emotional issues and competencies among infants and toddlers from 12-

months-old to 35-months and 30-days old) (Carter & Briggs-Gowan, 2005). It identifies children 

who display deficits and/or delays in the social and emotional realms of behavior. The ITSEA 

addresses four domains (Externalizing, Internalizing, Dysregulation, and Competence) each with 

certain subscales and three item clusters (Maladaptive, Social Relatedness, and Atypical). 

Parents rated statements (e.g., is restless and can’t sit still, hangs on to you or wants to be in 

your lap when with other people) on a scale of 0 to 2: 0 (not true/rarely), 1 (somewhat 

true/sometimes), and 2 (very true/often). Some statements also had an N option which parents 

selected if they and/or their infant did not do the behavior described in the statement. The ITSEA 

was not administered in its entirety due to time and resources. Hence, the principal investigators 

selected domains and their corresponding questions to include in the study. 

 The parent form hand-scoring template was used to provide raw scores on eight 

subscales: anxiety/impulsivity, aggression/defiance, peer aggression, depression/withdrawal, 
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general anxiety, separation distress, inhibition to novelty, and attention. Raw scores were 

calculated by first transferring the item scores to the scoring form with certain items reverse 

scored. All item scores were then summed in each subscale and divided by the total items 

answered. When the criteria for maximum number of missing (or N) responses was reached, the 

subscale raw score was not calculated. Twelve participants (DS: N = 9; TD: N = 3) did not 

respond to certain questions as they were added after the study had initiated and participants had 

already completed their 18-month session; this affected the general anxiety subscale the most 

hence the smaller sample size for that subscale. Data from these participants were scored per the 

rules described above. Although the ITSEA is a clinical evaluation tool, it was not utilized for 

clinical purposes to further obtain normalized scores and clinical cutoffs. 

 Scales of Independent Behavior Revised - Early Development Form (SIB-R EDF). This 

is a comprehensive and norm-referenced questionnaire evaluating adaptive and maladaptive 

behaviors from infancy to adulthood (Bruininks, Woodcock, Weathernman, & Hill, 1996). The 

questionnaire was administered at all time points in interview format. Parents were asked to rate 

forty statements (e.g., reaches for a person whom he or she wants, pulls self into a standing 

position) on a scale of 0 to 3: 0 (never or rarely - even if asked), 1 (does, but not well - or about 

¼ of the time - may need to be asked), 2 (does fairly well - or about ¾ of the time - may need to 

be asked), and 3 (does very well - always or almost always - without being asked). The 

interviewer stopped administration when ceiling was obtained with four consecutive ratings of 0. 

 Scores were inputted into the scoring program to provide a standard score, percentile 

rank, age equivalent, and support score. Typically, scores for four maladaptive indexes are also 

obtained - general maladaptive index (GMI), internalized maladaptive index (IMI), asocial 

maladaptive index (AMI), and externalized maladaptive index (EMI) - however that was not 
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applicable to this form. Higher values on the standard score in conjunction with percentile rank 

are indicative of better adaptive behavior. 

 Appropriate institutional review board and ethics approval was obtained from the 

presiding university to conduct the study. 

Analysis 

 

We first ran descriptive tests to determine the distribution of the data at the 18-month 

time point only. Subsequently, we conducted t-tests to determine whether there are statistically 

significant differences in co-sleeping rates and types between groups. To determine the 

association among co-sleeping behavior, actigraphy collected sleep parameters, and daytime 

regulation across groups, we ran Pearson product-moment correlations. We corrected results for 

multiple correlations using the Bonferroni-Holm method (Gaetano, 2013). For exploratory 

purposes, we ran non-parametric tests to determine whether there was significant difference in 

co-sleeping from 12-months to 18-months. All statistics were conducted using SPSS. 

Results 

Descriptive data 

 

Demographic variables. Based on Table 2, the average age of the infants was 1.50 years 

for the DS group and 1.48 years for the TD group. Infants were mostly male (DS: 60%; TD: 

54.7%), White, Non-Hispanic (DS: 83.6%; TD: 83.0%), and primarily English-speakers (DS: 

96.4%; TD: 98.1%). Approximately one-third of the infants were an only child in the DS group 

and 43.4% in the TD group. 

 Families in both groups were similar on socio-economic factors such as the percent of 

family income less than $50,000 (12.7% vs. 18.9% for DS and TD, respectively) and the average 
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years of maternal education (17.33 and 17.81 for the DS and TD, respectively). Six respondents 

either did not know or refused to answer the question regarding total household income at 18-

months. There was no statistically significant difference for any socio-demographic variables 

between diagnosis groups. 

Co-sleeping characteristics 

 

Based on parental report, infants in the TD group spent significantly more nights co-

sleeping than infants in the DS group, t(91.772) = -3.060, p = 0.003. A Wilcoxon signed-rank 

test showed no statistically significant change in mean nights/week spent co-sleeping from 12-

months to 18-months in the DS (Z = -1.036, p = 0.365) and TD (Z = -1.676, p = 0.112) groups. 

An independent samples t-test also indicated a significant overall group difference in average 

sleep efficiency, with infants in the DS group exhibiting poor sleep efficiency (75.11%) when 

compared to infants in the TD group (83.79%), t(94) = -7.857, p < 0.001. 

Both groups displayed different co-sleeping arrangements as well (Table 3). More infants 

with DS did not co-sleep (70.9%) in comparison to 54.7% of infants in the TD group. While 

3.6% of infants in the DS group co-slept the entire night, 26.4% of infants in the TD group co-

slept all night. Infants with DS were more likely to co-sleep the second part of the night (18.2% 

vs. 9.4%) and less likely to co-sleep the first part of the night (5.5% vs. 5.7%) and several short 

times throughout the night (1.8% vs. 3.8%). 

Table 4 shows the Pearson correlations between sleep efficiency and average nights per 

week spent co-sleeping. After the Bonferroni-Holm sequential correction, the positive 

association between average sleep efficiency and average nights per week spent co-sleeping in 

the TD group became non-significant (p = 0.078). Therefore, our hypothesis to the second 
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research question was not supported. To determine whether the correlation coefficients for 

average sleep efficiency and mean nights per week spent co-sleeping were significantly different, 

we calculated the Fisher’s Z statistic (Lenhard & Lenhard, 2014). Results indicated no 

significant difference between the two correlations with a Z-statistic of -0.852 (p = 0.197). 

Daytime regulation characteristics 

  

Table 5 highlights results from the independent samples t-test testing group effects of 

daytime regulation variables. We found significant between-group differences on certain ITSEA 

subscales. Specifically, infants with DS scored higher on the depression/withdrawal subscale 

than TD infants (0.09 vs. 0.05; p = 0.017). However, TD infants scored significantly higher on 

the activity/impulsivity (0.74 vs. 0.57; p = 0.027), aggression/defiance (0.48 vs. 0.27; p < 0.001), 

general anxiety (0.16 vs. 0.04; p = 0.001), and separation distress (0.96 vs. 0.77; p = 0.006) 

subscales in comparison to infants with DS. Furthermore, infants in the DS group displayed 

deficits in adaptive behavior via parental report (p < 0.001). 

Tables 6 & 7 show Pearson correlations examining the association between co-sleeping 

duration and daytime regulation in the DS and TD groups, respectively. There was no significant 

association between average nights per week spent co-sleeping and daytime regulation variables 

in either groups, hence our hypothesis to the third research question was not supported. In the DS 

group, there was a significantly positive association between the following daytime regulation 

behaviors: aggression/defiance and activity/impulsivity (r = 0.509, n = 55, p < 0.001), peer 

aggression and aggression/defiance (r = 0.460, n = 55,  p < 0.001), separation distress and 

aggression/defiance (r = 0.517, n = 55, p < 0.001), inhibition to novelty and separation distress (r 

= 0.422, n = 55, p = 0.04), and general anxiety and aggression/defiance (r = 0.574, n = 46, p < 
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0.001). In the TD group, we found significantly positive associations between 

aggression/defiance and activity/impulsivity (r = 0.525, n = 53, p < 0.001) and inhibition to 

novelty and separation distress (r = 0.504, n = 53, p < 0.001). Scoring higher on the ITSEA 

subscales is indicative of problem behavior therefore these positive associations suggest 

increased but similar problem behaviors in both infants with and without DS. 

Discussion 

 

 This study revealed a low rate of co-sleeping among infants with DS in comparison to 

their typically developing peers at 18-months-old. Remarkably, only 3.6% of infants in the DS 

group and 26.4% of infants in the TD group co-slept all of the night. Whereas 18.2% of infants 

co-slept the second part of the night, only 9.4% of TD infants exhibited the same behavior. A 

similar percentage of infants in both groups co-slept the first part of the night (DS: 5.5%; TD: 

5.7%) and several short times throughout the night (DS: 1.8%; TD: 3.8%). Approximately 71% 

and 55% of infants with and without DS, respectively, did not engage in any nighttime co-

sleeping behavior. 

These results suggest that infants with DS may have problems with sleep regulation and 

maintenance (Levanon, Tarasiuk, & Tal, 1999; Edgin et al., 2015; Rosen, Lombardo, Skotko, & 

Davidson, 2011). Subsequent to a night-waking they are unable to go back to sleep and require 

co-sleeping with their parent. Although not included in the current analyses but queried in the 

parent study, possible reasons for bringing the infant into the parent’s bed may include 

breastfeeding, falling asleep in parent’s bed, or inability to settle back down for sleep (Ball, 

2003; 2007). Furthermore, evidence suggests an increased likelihood of co-sleeping when 

nighttime feedings take place in the mother’s bed or different location (Hayes, Roberts, & Stowe, 

1996). Hayes et al. (1996) also found a negative correlation between falling asleep in one’s own 
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bed and night waking, moving to parent(s) bed after an awakening episode, and remaining in 

parent(s) bed. In other words, sleep regulation served as a protective factor against nighttime 

disruptions. Consequently, reactive co-sleeping may be result of multiple factors including, but 

not limited to, sleep physiology, sleep hygiene (also referred to as sleep habits or practices), and 

infant temperament throughout the night. 

 Overall, this study found significant differences in sleep efficiency between the DS and 

TD groups. Infants with DS displayed poor sleep quality at 75% in comparison to infants with 

TD at 84%. These findings are consistent with previous research with toddlers with DS (Edgin et 

al., 2015). Moreover, it suggests that sleep impairments may present earlier among infants with 

DS, at least as early as 18-months. We also found no significant associations between sleep 

efficiency and nights per week spent co-sleeping, regardless of group, hence our hypothesis to 

the second research question was not supported.  

 The current findings are somewhat contradictory to previous research. Huang et al. 

(2016) concluded less daytime and 24-hour sleep among bed-sharing infants (ages 1-8 months) 

versus room-sharing infants and less nighttime sleep when compared to solitary sleeping infants. 

Others have found no significant differences in total daily sleep time/duration (Baddock et al., 

2006; Ball, Ward-Platt, Heslop, Leech, & Brown, 2006; Buckley, Rigda, Mundy, & McMillen, 

2002). We should keep in mind that these studies used different methods to measure sleep (e.g., 

video recordings vs. sleep-wake diaries) along with study designs (case-control versus 

randomized control trial versus cohort). Finally, different sleep parameters were analyzed 

whereas we evaluated actigraphy-derived sleep efficiency. 

 Of utmost importance and not in support of our hypothesis to the third research question, 

we observed no significant correlations between co-sleeping frequency and daytime regulation 
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outcomes in either groups. This contradicts findings from previous literature where sleep 

parameters are linked to socio-emotional development (Mindell, Leichnman, DuMond, & Sadeh, 

2017). However, it is important to note that co-sleeping is not normally considered as a potential 

sleep factor to socio-emotional development especially among older children. Instead researchers 

have used sleep variables such as total sleep time and bedtime to determine their associations 

with developmental outcomes (Mindell et al., 2017). Co-sleeping has been considered 

contextually and studies have found infants who co-sleep to experience markedly higher stress 

when sleeping alone and experience more disturbances and arousals (Hunsley & Thomas, 2002). 

Additionally, there is evidence supporting co-sleeping during infancy and competence at 6 years 

of age (Okami, Weisner, & Olmstead, 2002). Further investigations addressing the co-sleeping 

and daytime regulation relationship are needed to better understand the impact of sleeping 

arrangements on development in infants with DS. 

There was, however, a significant positive association among certain daytime regulation 

behaviors. Specifically, being aggressive/defiant was associated with higher activity/impulsivity 

and inhibition to novelty was related to separation distress in both groups of infants. 

Aggressive/defiant behavior was also related to increased peer aggression, separation distress, 

and general anxiety in the only the DS group. When comparing groups on raw scores of the 

ITSEA, for six of the seven subscales, the mean raw scores between groups was closer to 0, 

indicating a less likelihood of the behavior occurring. Parents rated their infants with DS lower 

on two externalizing domain subscales. Specifically, they perceived their infants to be less active 

and fidgety in addition to being less aggressive (e.g., hitting biting, being destructive) and 

defiant. Low activity may be attributed to delays in motor development which are typical among 

infants and toddlers with DS (Fiddler, 2005). Parents in the current study also rated infants with 
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DS lower on the general anxiety and separation distress subscales of the internalizing domain. 

This contrasts from previous research in 24-month-olds with DS who displayed distress during 

the modified strange situation paradigm (Berry, Gunn, & Andrews, 1980). In fact, Berry et al. 

(1980) concluded that infants with DS performed similar to typically developing infants, hence 

signifying their social awareness.  

On the depression/withdrawal subscale of the internalizing domain, infants with DS 

tended to score higher than the TD group. The mean raw scores were 0.09 and 0.05, respectively, 

and reflect that emotional and physical withdrawal was not common in our sample of 18-month-

olds. Nonetheless, it may be possible that infants with DS might begin to exhibit some of these 

behaviors earlier on than typically developing infants. The behavioral findings should be viewed 

from a developmental lens. Research suggests that young children with DS display more 

attention-seeking and less depressive/anxious behaviors than older individuals with DS (Fidler, 

Barrett, & Most, 2005). These age-related findings highlight a need to assess social and 

emotional behaviors across development. Fidler et al. (2005) included individuals with DS ages 

5-years to 20-years while the current study focused on infants. Together they shed light on 

behavioral consistency, depending on the type of behavior, among infants and young children 

with DS. In terms of adaptive behavior, we noted significant deficits among infants with DS with 

poorer ratings for this group. This complements the results from Edgin et al. (2015) and suggests 

delays in adaptive behavior to begin appearing earlier than 26-months of age. 

Strengths, Limitations, & Future Directions 

  

 This research helps us understand the influence of sleep on development and suggests 

that delays in development can emerge as early as 18-months, if not earlier, among infants with 

DS. The large sample size of infants with developmental delay at 18-months is an important 
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contribution to the existing literature, because tracking and assessing infants every six months 

over a two-year period is a difficult task. However, we were able to manage this through 

continuous contact with families and being as engaging as possible even outside of the testing 

sessions. 

 Furthermore, we evaluated sleep through parental report and actigraphy. This is a valued 

methodology because actigraphy may provide a better assessment of infant sleep behavior as 

opposed to parental report. In the instance when parents are not co-sleeping, for instance, it 

becomes challenging for parents to recognize any sleep issues. Parental report of co-sleeping was 

collected via sleep diary (to complement actigraphy) and questionnaires administered via phone 

interview. We defined co-sleeping as the average nights per week spent sleeping in parent’s bed 

as collected during the interview. An advantage to using this question was less incomplete or 

missing data. The only missing data involved actigraphy and the general anxiety subscale of the 

ITSEA. Nevertheless, this is the first study to include a battery of measures to evaluate the 

impact of sleep on social, behavioral, and emotional development among infants with and 

without DS using a longitudinal study design. 

 The strength of utilizing the ITSEA also serves as a limitation because we only selected 

certain domains and subscales for assessment. This is not ideal as it may jeopardize the validity 

of the overall questionnaire. However, due to the battery of questionnaires that parents 

completed as part of the parent study, completing the full form of the ITSEA would have been 

burdensome. Furthermore, the scores were not calculated using the scoring program and clinical 

cutoffs which may be something to consider in future analyses with this dataset. 

 Another limitation is the cross-sectional design of the current paper. With sleep 

parameters and behaviors varying over time as we age, it becomes important to look at sleep 
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from the 6-months to 24-months timepoints. This would further enhance our understanding of 

sleep development among infants with DS and pinpoint the critical developmental window 

where interventions can possibly prevent and/or reduce the level of developmental deficits. 

Lastly, there is much evidence of breastfeeding and other factors affecting co-sleeping 

arrangements (Goldberg & Keller, 2007). Although breastfeeding was measured in the parent 

study, it was not included in the analyses for this paper. Future work with this dataset should 

include whether or not the infant was breastfeeding at 18-months. 

 Findings from this study have many implications for basic and applied research. For 

instance, we have presented evidence on co-sleeping rates and sleep quality among infants with 

and without DS at 18-months-old. There was neither any significant relationship between co-

sleeping frequency and sleep efficiency nor co-sleeping frequency and daytime regulation 

behaviors. Overall, we are not advocating for or against co-sleeping arrangements but emphasize 

a need to address this topic further by taking into account co-sleeping history and health co-

morbidity. We found that parents of infants with DS are reporting their child to co-sleep the 

second part of the night. The mechanisms of this phenomenon need to be better understood. 

Lastly, the decision to co-sleep or not resides with the family and their cultural and familial 

beliefs and norms along with healthcare recommendations. More work is necessary to provide 

conclusive evidence on the extent of developmental progress and/or delays that can be attributed 

to co-sleeping. This study is unique in that it has started to tease apart the multiple levels of sleep 

behavior and its effects on infant development even suggesting positive social and emotional 

outcomes. Pursuing this research topic will ultimately assist family members and interventionists 

to promote enhancements in development among infants with developmental delays. 
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Figure 1. Summary of the family as part of a larger system (top) and interactive characteristics 

within the family that influence sleep (bottom). 
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Figure 2. AzSDS consort diagram. 
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Table 1 

Summary table of study measures across all time points. 

  Study Time Point 

  6-months 12-months 18-months 24-months 

Sleep 

 Actiwatch X X X X 

 CSHQ X X X X 

 ISQ X X X X 

 Healthcare Service Access    X 

Language 

 LENA X X X X 

 
LENA Sessions Recording 

Questionnaire 
X X X X 

 MBCDI - W&G X X X X 

 MBCDI - W&S   X X 

Development 

 ASQ-3 X X X X 

 BRIEF    X 

 CSBS-DP X X X X 

 ITSEA X X X X 

 Demographics X X X X 

 General Health Questionnaire X X X X 

 M-CHAT R   X X 

 MTESI    X 

 My Baby’s Feeding Habits X X X X 

 PSI - SF X X X X 

 Prenatal History Questionnaire Depends on age at study entry. 

 SIB-R EDF X X X X 

 Your Child’s Routine & Activities    X 

Note. All of these measures were included in the parent study; the measures incorporated in the current paper and analyses are 

highlighted in yellow. 
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Table 2 

Study demographic characteristics at 18-months. 

  DS 

(n = 55) 

TD 

(n = 53) 
t p 

Infant’s demographic 

characteristics 

    

 Mean age, years (SD) 1.50 (0.04) 1.48 (0.14) 1.277 0.204 

 % Male 60 54.7 -0.551 0.583 

 % White, Non-Hispanic 83.6 83.0 -0.175 0.861 

 % Primary Language - 

English 
96.4 98.1 0.549 0.584 

 % Only child 32.7 43.4 -1.291 0.199 

Social background factors     

 % Family income < $50,000 12.7 18.9 -0.669 0.505 

 Mean maternal education, 

years 
17.33 17.81 -1.404 0.163 

Note. DS - Down syndrome; TD - Typically developing. 
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Table 3 

Infant co-sleeping characteristics at 18-months. 

  DS (n = 55) TD (n = 53) 

Co-sleeping rate   

 

Mean 

nights/week of 

co-sleeping (SD) 

1.17 (2.34) 2.90 (3.40) 

    

Types of co-sleeping 

(%) 
  

 All of the night 3.6 26.4 

 
The first part of 

the night only 
5.5 5.7 

 
The second part 

of the night only 
18.2 9.4 

 

Several short 

times throughout 

the night 

1.8 3.8 

 Not applicable 70.9 54.7 
Note. DS - Down syndrome; TD - Typically developing. 
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Table 4 

Pearson correlations for co-sleeping and sleep efficiency by diagnosis group at 18-months. 

 DS TD 

Variables 1 2 3 1 2 3 

1. Mean sleep efficiency -   -   

2. Mean nights/week 

spent co-sleeping 
0.128 -  0.299 -  

Note. DS - Down syndrome; TD - Typically developing. 
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Table 5 

Between group differences in daytime regulation measures at 18-months. 

  DS (n = 55) TD (n = 53) t p 

ITSEA     

 
ED Activity/Impulsivity 

Subscale (SD) 
0.57 (0.37) 0.74 (0.41) -2.245 0.027 

 
ED Aggression/Defiance 

Subscale (SD) 
0.27 (0.25) 0.48 (0.30) -3.850 0.000 

 
ED Peer Aggression Subscale 

(SD) 
0.04 (0.13) 0.08 (0.18) -1.148 0.254 

 
ID Depression/Withdrawal 

Subscale (SD) 
0.09 (0.11) 0.05 (0.09) 2.428 0.017 

 
ID General Anxiety Subscale 

(SD)a 
0.04 (0.08) 0.16 (0.22) -3.342 0.001 

 
ID Separation Distress 

Subscale (SD) 
0.77 (0.39) 0.96 (0.29) -2.797 0.006 

 
ID Inhibition to Novelty 

Subscale (SD) 
0.71 (0.51) 0.85 (0.44) -1.596 0.113 

 
Competence - Attention 

Subscale (SD) 
1.25 (0.42) 1.34 (0.39) -1.239 0.218 

      

SIBR EDF 

     

 Age Equivalent (months) 12.38 21.96 -14.279 0.000 

 Standard score (SD) 68.35 (13.98) 112.28 (13.57) -16.568 0.000 

Note. DS - Down syndrome; TD - typically developing; ITSEA - Infant-Toddler Social and Emotional Assessment; ED - 

Externalizing domain; ID - Internalizing domain; SIBR EDF - Scales of Independent Behavior Revised Early Development 

Form; a sample size was 46 for DS and 50 for TD. 
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Table 6 

Pearson correlations for co-sleeping and daytime regulation among infants with DS at 18-

months. 

Variables 1 2 3 4 5 6 7 8 9 10 

1. Mean nights/week spent 

co-sleeping 
-          

2. Activity/Impulsivity -0.045 -         

3. Aggression/Defiance 0.166 0.509** -   -     

4. Peer Aggression -0.058 0.260 0.460** -       

5. Depression/Withdrawal 0.300 0.196 0.379 -0.012 -      

6. Separation Distress 0.141 0.342 0.517** 0.098 0.233 -     

7. Inhibition to Novelty 0.214 0.161 0.204 -0.034 0.301 0.422* -    

8. Competence Attention -0.144 -0.185 -0.139 -0.081 -0.235 0.037 0.270 -   

9. General Anxiety -0.067 0.322 0.574** 0.119 0.287 0.425 0.252 -0.098 -  

10. SIBR Standard Score 0.028 0.062 -0.183 0.108 -0.310 -0.256 -0.213 0.123 -0.312 - 

Note. SIBR EDF - Scales of Independent Behavior Revised Early Development Form; *-significant at the 0.05 level (2-tailed); 

**-significant at the 0.01 level (2-tailed). 
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Table 7 

Pearson correlations for co-sleeping and daytime regulation among TD infants at 18-months. 

Variables 1 2 3 4 5 6 7 8 9 10 

1. Mean nights/week spent 

co-sleeping 
-          

2. Activity/Impulsivity 0.123 -         

3. Aggression/Defiance 0.274 0.525** -   -     

4. Peer Aggression 0.069 0.305 0.378 -       

5. Depression/Withdrawal 0.024 0.172 0.309 0.207 -      

6. Separation Distress -0.056 0.125 0.174 0.059 -0.027 -     

7. Inhibition to Novelty -0.082 0.024 0.346 0.169 0.099 0.504** -    

8. Competence Attention 0.173 -0.081 0.107 0.047 -0.081 -0.115 -0.123 -   

9. General Anxiety 0.131 -0.043 0.328 0.231 0.413 0.217 0.190 0.261 -  

10. SIBR Standard Score 0.162 -0.007 -0.039 0.065 -0.013 -0.075 -0.133 0.388 0.048 - 

Note. SIBR EDF - Scales of Independent Behavior Revised Early Development Form; **-significant at the 0.01 level (2-tailed). 
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STUDY 3: Parenting sleep practices and perceptions among infants with Down syndrome 
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Abstract 

  

A consistent bedtime routine is thought to play an important role in infant development. 

Differing aspects of bedtime routines have been previously studied, including individual 

components of the routine along with frequency and duration of a bedtime routine. The current 

study investigated whether parents of infants with and without Down syndrome (DS) executed a 

consistent bedtime routine and how they perceived the importance of a bedtime routine for infant 

development. Researchers have also previously investigated the association between bedtime 

routine consistency, daytime functioning, and overall sleep quality, relationships which have not 

been studied before in this population. We examine those associations in the current study. The 

overall sample, from 6-months-old to 24-months-old, included 59 infants with DS and 56 infants 

who are typically developing (TD). Parents completed a battery of infant developmental 

questionnaires during a phone interview with some questionnaires in hardcopy format. Infants 

wore an Actiwatch and LENA language monitor at all time points for objective sleep and 

language data. Results showed that parents engaged in a consistent bedtime routine with their 

infant and their perception of the importance of the routine on their infant’s development 

increased with time. Growth curve models highlighted significant effects of bedtime routine 

consistency on externalizing behavior, total child vocalizations, adaptive behavior, and average 

sleep time. More specifically, a consistent bedtime routine was related to less externalizing 

behavior and fewer vocalizations particularly in the TD group and a 10-point difference in 

adaptive behavior scores with each assessed time point and longer sleep times regardless of 

group. Significant main effects for group were found with the DS group displaying less 

internalizing behavior and poor sleep efficiency in comparison to the TD group. Main effects for 
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time showed an overall increase in externalizing behavior and attentive behavior and decrease in 

adaptive behavior scores. Findings shed light on the influence of a consistent bedtime routine 

during the infancy period for typical and atypical populations and propose a strength-based 

model to study atypical development. 
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Introduction 

 

Parents report their children experience sleep problems such as sleep consolidation and 

sleep regulation in the first couple years of life (Sadeh & Anders, 1993). While sleep 

consolidation refers to the ability to sustain sleep in a continuous manner, as deemed appropriate 

for the infant’s age, sleep regulation is the ability to transition from a state of wakefulness to 

sleep with relative ease (Sadeh & Anders, 1993). Sadeh and Anders (1993) and Sadeh, Tikotzky, 

and Scher (2010) provide a thorough explanation on the different factors affecting sleep through 

the transactional model. Included in the model is the parent-infant mediating context which 

describes the interactions occurring among individuals involved in the infant’s sleep 

environment. These interactions can be with parents, siblings, and other relatives during bedtime 

setting, sleeping arrangements, and interventions for nighttime waking. 

 One of the important yet unexplored aspects of sleep among individuals with Down 

syndrome (DS) is the quality and consistency of a bedtime routine. Increasing evidence points to 

a significant association between a regular sleep routine and positive sleep outcomes among 

mothers and their children, especially among typically developing (TD) infants and toddlers 

(Mindell, Telofski, Wiegand, & Kurtz, 2009). Specifically, Mindell et al. (2009) found reduced 

sleep onset latency, increased sleep consolidation, and fewer number and duration of night 

wakings among families prescribed a bedtime routine intervention as opposed to a control group 

with no prescribed routine. In a large international sample of young children (ages 0 to 5-years-

old), Mindell, Li, Sadeh, Kwon, and Goh (2015) found an association of a consistent bedtime 

routine with earlier bedtimes, more total sleep, less wakefulness after sleep onset, shorter sleep 

onset latency, and fewer parent-perceived sleep problems. Researchers also found a dose-
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dependent relationship with better sleep linked to implementing a bedtime routine on more 

nights per week. Having a bedtime routine as an infant and during childhood also demonstrated 

better sleep and developmental outcomes. Finally, Staples, Bates, and Petersen (2015) found an 

association between bedtime routine adherence and amount of nighttime sleep at 36-months and 

42-months of age. Adherence to a bedtime routine also predicted greater nighttime sleep for 

children of parents who displayed consistent daytime parenting practices.  

 A challenge to studying bedtime routines can be seen in operationalizing the behavior 

itself. While Mindell et al. (2015) asked parents two questions regarding a bedtime routine (“In a 

typical week, how often does your child have a regular bedtime routine?” and “When your child 

was a baby (3-12 months), did he/she have a regular bedtime routine?),” Morrell and Cortina-

Borja (2002) developed the Parental Interactive Bedtime Behavior Scale (PIBBS) and noted five 

types of settling strategies: active physical comforting, passive physical comforting, encouraging 

infant autonomy, movement, and social comforting. Hale, Berger, LeBourgeois, and Brooks-

Gunn (2011) also asked parents two questions (“Some families have a routine of things they do 

when it is time to put their child to sleep, do you have a regular routine of things you do when 

(CHILD) is put to sleep?” and “What kinds of things are part of (CHILD’s) regular bedtime 

routine?”) and further categorized bedtime routines depending on whether or not the routines 

were language-based. In the proposed study, we assess bedtime routines using the following 

questions: "In a typical 7-day week, how often does your child have the exact same bedtime 

routine?,” “How important do you think it is for your child’s development to have a consistent 

sleep routine?,” and “Typically, how difficult is bedtime for your child, for example, fussing, 

crying, protesting?.” 
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 The evidence notwithstanding, there is minimal research investigating bedtime routines 

and parental perceptions regarding a consistent bedtime routine among children with 

developmental delay. Studies have documented sleep onset problems, sleep maintenance 

problems, and sleep disordered breathing among children with DS (Breslin et al., 2014; Cotton & 

Richdale, 2006; Stores, Stores, Fellows, & Buckley, 1998). However, these studies do not 

specifically address the bedtime routine and frequency of a regular bedtime routine in this 

population. Individuals with DS are at an increased likelihood to present sleep difficulties such 

as obstructive sleep apnea syndrome (OSAS). The prevalence rate of OSAS in DS is 30% to 

80% (Dyken, Lin-Dyken, Poulton, Zimmerman, & Sedars, 2003; Shott et al., 2006). Considering 

that a consistent bedtime routine may be able to alleviate some of the sleep issues present in this 

population, we examine bedtime routine consistency in infants with and without DS and its 

impact on daytime functioning. 

Thus, the current study seeks to investigate the following: 

  RQ1: How consistent is the bedtime routine among infants with DS and TD from 

6-months to 24-months of age? 

 H1: Taking into account findings from Mindell et al. (2015) and Staples, 

Bates, and Petersen (2015), infants in both groups will exhibit consistency in bedtime 

routines across all age groups. Bedtime routine consistency will also be associated with 

infant irritability (Mindell et al., 2017).  

RQ2: How do parents and/or caregivers perceive the bedtime routine from 6-

months to 24-months of age? 

 H2: Based on findings from Mindell and Williamson (2018), we 

hypothesize that, regardless of diagnosis group, parents are likely to emphasize the 
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importance of a consistent sleep routine. However, infants with DS will display difficulty 

during the bedtime routine in comparison to their typically developing counterparts. 

RQ3: Is a consistent bedtime routine associated with infant daytime functioning 

and overall sleep patterns? 

 H3: Infants exhibiting a consistent bedtime routine will perform better on 

daytime functioning measures and the relationship will hold regardless of whether they 

are diagnosed with DS or TD (Mindell & Williamson, 2018). Infants with a consistent 

bedtime routine will also display improved sleep patterns. 

 The proposed research questions are imperative to study because sleep behavior in the 

early years impacts sleep patterns and development later in life. Given the longitudinal study 

design, we were able to evaluate the association between consistency and perceptions of bedtime 

routine on sleep outcomes (e.g., sleep efficiency and average sleep time) and daytime 

functioning (e.g., adaptive behavior and language). These data may further enable investigators 

to determine the types of intervention (e.g., remediation, reeducation, and redefinition) 

appropriate for sleep disturbances displayed among individuals with DS (Sadeh & Anders, 

1993). 

 To our knowledge, there is minimal research that assesses sleep routine consistency in 

children with DS. Therefore, the current study will provide insight into the influence of bedtime 

routines on sleep and development. In addition, there is existing literature investigating sleep 

routine consistency in a longitudinal sample of infants who are TD; however, the same does not 

apply to infants diagnosed with DS. The present work will inform the current literature on infant 

sleep in both populations and highlight the importance of educating healthcare professionals and 

parents on effective infant sleep practices. 
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Methods 

 

Research Study Design 

 

 The present study will analyze data from The Arizona Sweet Dreams Study (AzSDS). 

This is a national, longitudinal study in the United States that examines how sleep relates to 

language, behavior, health, and developmental outcomes among infants with and without DS, 

ages 6-months-old to 24-months-old. 

Recruitment 

 

 Families were recruited based on whether they had an infant between the ages of 0-

months and 24-months and were grouped as follows: 1) diagnosed with DS (N = 59), 2) typically 

developing and born pre-term (< 37 weeks gestation) (N = 9), 3) typically developing and at-risk 

(sibling with autism) (N = 3), and 4) typically developing and born full-term (≥ 37 weeks 

gestation) (N = 56). Figure 2 illustrates the enrollment flow in the study. Diagnosis of DS was 

confirmed via a karyotype or medical report collected through medical records with only infants 

diagnosed with Trisomy 21 included in the study. Study exclusion criteria included the following 

based on prior research conducted in lab (Breslin et al., 2014; Edgin et al., 2015): 1) diagnosis of 

Translocation or Mosaicism, 2) head injury resulting in over 5 minutes of unconsciousness, 3) 

brain trauma, 4) seizure disorder, 5) epilepsy, 6) meningitis, 7) accidental poisoning, 8) cerebral 

palsy, 9) chemotherapy or radiation therapy, 10) other chromosomal abnormalities, and 11) non-

English as the primary language at home. 

 Recruitment occurred through local and national syndrome-specific registries, 

community events, flyers, social media, parent and support groups, and word-of-mouth. Potential 

participants were contacted by phone, e-mail, and/or text message to provide information about 
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the longitudinal study and to schedule a day and time to complete a screener, answer questions or 

concerns regarding the research, and schedule for the study. Families were scheduled every six 

months beginning at 6-months-old until 24-months-old for a maximum of four sessions or time 

points. The infant’s age at study entry determined the total number of sessions; for example, if an 

infant was already 8-months-old, s/he completed the 12-month, 18-month, and 24-month 

sessions. The sessions were scheduled within a four-week window at each time point. 

Specifically, parents scheduled two weeks before and after the infant’s birthday to complete the 

session. 

Data collection 

 

 All sessions for the parent study were conducted at the participant’s home. Participants 

received the study materials either via FedEx or in-person by a member of the research team. 

The study package included seven items: 1) a magnet with dates and times for all study sessions, 

2) a small token of appreciation for the infant, 3) hard-copy of instructions, 4) an Actiwatch 

(objective measure for sleep), 5) a Language ENvironmental Analysis (LENA) digital language 

processor (DLP; objective measure for language), 6) developmental questionnaires, and 7) pre-

paid FedEx return label, if necessary. 

 In addition to the materials, parent(s) were asked to complete a phone interview at all 

time points; the interview lasted approximately 2.0 hours during which they completed a battery 

of questionnaires. These questionnaires were entered into the Qualtrics platform for effective 

data collection and management purposes. One of two trained graduate research assistants 

administered the phone interviews at all time points at a date and time convenient for the family. 

Prior to the interview appointment, participants were e-mailed a response card with a list of 

specific questionnaires and their corresponding rating scales. Interviews were completed in a one 
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two-hour session or two one-hour sessions; families needing additional time to complete the 

interview either extended the interview or scheduled for another date, depending on their 

preference. Under specific circumstances, families who could not complete the phone interview 

completed the questionnaires online through a unique, personalized link for Qualtrics (N = 4). 

 At the end of each session, participants received a $40.00 or $50.00 gift card to Target or 

store of preference with the latter given to families if they completed the study and returned the 

materials to the lab within two weeks of receiving them. 

Measures 

  

 Table 1 summarizes the measures administered at each time point while follows are 

details regarding the measures relevant to the research questions in this study. 

 Sleep. 

 

 Actigraphy. An Actiwatch-2 monitor was incorporated to objectively measure sleep 

parameters in infants (Phillips Respironics, 2017). The monitor is non-invasive and similar to a 

Fitbit monitor that adults typically wear on their wrist. Families were instructed to place the 

monitor on their infant’s non-dominant ankle (almost always the left ankle) for at least seven 

consecutive days and nights at all time points; a minimum of five nights was required to analyze 

the data per recommendations by Acebo et al. (1999). Participants were also asked to press a side 

button on the Actiwatch every time they placed their infant down for a nap or sleep and picked 

them up from a nap or sleep. Parents completed a sleep diary that coincided with the Actiwatch 

and documented the times and locations of naps and sleep. This was critical because the 

Actiwatch tracks movement and sleeping arrangements and nighttime feeding behavior can 

influence infant movement in a variety of ways. 
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 Actiwatch data was scored manually by two trained research assistants to determine sleep 

efficiency, average sleep time, fragmentation index, and wake after sleep onset. Interrater 

reliability was calculated to determine adherence to the scoring protocol. 

 Extended Brief Infant Sleep Questionnaire (BISQ) - Modified. The extended version of 

the Brief Infant Sleep Questionnaire (BISQ) asks parents to respond to questions regarding their 

infant’s daytime and nighttime sleep, sleeping arrangements, parental interventions, and bedtime 

rituals (Sadeh, Mindell, Luedtke, & Wiegand, 2009). We included two questions from the 

expanded BISQ: 1) In a typical 7-day week, how often does your child have the exact same 

bedtime routine?,” and 2) “Typically, how difficult is bedtime for your child, for example, 

fussing, crying, protesting?.” Respondents rated the first question as never, 1-2 nights per week, 

3-4 nights per week, 5-6 nights/week, and every night. The second question was rated on a scale 

of very easy to very difficult. We also included a question on bedtime consistency by asking 

parents “How important do you think it is for your child’s development to have a consistent sleep 

routine?” Parents rated their perceptions on a scale of Not at all important to Extremely 

important. Higher scores reflected a more consistent bedtime routine, more difficulty at bedtime, 

and more importance in the impact of a consistent bedtime routine on child development. 

 Language. 

 

 Language ENvironment Analysis (LENA). The LENA DLP objectively measures 

language for sixteen continuous hours (LENA Research Foundation, 2017). The language 

monitor comes with a baby-friendly vest that buttons down in the back and a slipcover in the 

front to place the monitor. Parents were asked to select one night and begin the audio recording 

right before their infant’s bath time at all time points. Consequently, language was recorded 

overnight and into the next day until the sixteen hours were complete. 



94 
 
 

 Data was directly uploaded into the LENA Pro Software which also processes the data. 

The program provides an organized way to view the data individually and across all participants; 

for example, the infant’s utterances could be viewed in 5-minute, 30-minute, and/or 60-minute 

intervals across the recording period. Additionally, the program distinguishes among adult 

words, conversational turns, child vocalizations, and audio environment. The current analyses 

focus on the child’s total vocalizations. 

 Development. 

 

 Demographics. Participants also completed the Demographic questionnaire at all study 

time points. Two versions of the questionnaire were administered. The version at study entry 

included questions on age, living situation, race/ethnicity, occupation, income, material hardship, 

and home expenses. On the other hand, the after-entry questionnaires included everything except 

race/ethnicity and fewer questions on material hardship and income. Participants responded to 

fill-in-the-blank or multiple choice questions such as “What is the birth order of your child?,” 

“What is the language most often spoken in your home?,” and “Which of these categories best 

describes your total combined family income for the past 12 months?....” 

 General Health Questionnaire. The Child & Maternal Health Questionnaire was 

administered at all time points. This questionnaire queried parents on their infant’s current health 

and well-being (e.g., height, weight, medications, allergies, therapy, etc.), medical care, and 

parental health and well-being. Respondents were asked sleep-related questions such as “Has a 

doctor diagnosed your child with sleep apnea?” and “Has your child been involved in any sleep 

studies?” in a yes/no format. If the response to the question(s) was “yes” then the respondent was 

asked to provide details on the name of the doctor, the doctor’s contact information, and any 
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additional notes. In some instances where the respondent said “no” but also commented further 

on the response, the information was included in the additional notes section. 

 Infant-Toddler Social and Emotional Assessment (ITSEA). The ITSEA parent form 

measures social or emotional issues and competencies among infants and toddlers from 12-

months-old to 35-months and 30-days old) (Carter & Briggs-Gowan, 2005). It identifies children 

who display deficits and/or delays in the social and emotional realms of behavior. The ITSEA 

evaluates four domains (Externalizing, Internalizing, Dysregulation, and Competence) each with 

certain subscales and three item clusters (Maladaptive, Social Relatedness, and Atypical). 

Parents rated statements (e.g., is restless and can’t sit still, hangs on to you or wants to be in 

your lap when with other people) on a scale of 0 to 2: 0 (Not true/Rarely), 1 (Somewhat 

true/Sometimes), and 2 (Very true/Often). Some statements also had an N option which parents 

selected if they and/or their infant did not do the behavior described in the statement. The ITSEA 

was not administered in its entirety due to time and resources. Hence, the principal investigators 

selected the following domains subscales to include in the study: 1) Externalizing Domain - 

anxiety/impulsivity, aggression/defiance, and peer aggression subscales, 2) Internalizing Domain 

- depression/withdrawal, general anxiety, separation distress, inhibition to novelty, and 3) 

Competence Domain - attention subscale. 

 The parent form hand-scoring template was used to provide raw scores on all eight 

subscales. Raw scores were calculated by first transferring the item scores to the scoring form 

with certain items reverse scored. All item scores were then summed in each subscale and 

divided by the total items answered. When the criteria for maximum number of missing (or N) 

responses was reached, the subscale raw score was not calculated. Twelve participants did not 

respond to certain questions as they were added after the study had initiated; this affected the 
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general anxiety subscale the most hence the smaller sample size for that subscale. Data from 

these participants were scored per the rules described above. A domain score was calculated by 

summing corresponding subscale scores. Although the ITSEA is a clinical evaluation tool, it was 

not utilized for clinical purposes to further obtain normalized scores and clinical cutoffs. 

 Scales of Independent Behavior Revised - Early Development Form (SIB-R EDF). This 

is a comprehensive and norm-referenced questionnaire evaluating adaptive and maladaptive 

behaviors from infancy to adulthood (Bruininks, Woodcock, Weathernman, & Hill, 1996). The 

questionnaire was administered at all time points. Parents were asked to rate forty statements 

(e.g., reaches for a person whom he or she wants, pulls self into a standing position) on a scale 

of 0 to 3: 0 (never or rarely - even if asked), 1 (does, but not well - or about ¼ of the time - may 

need to be asked), 2 (does fairly well - or about ¾ of the time - may need to be asked), and 3 

(does very well - always or almost always - without being asked). 

 Scores were inputted into the scoring program to provide a standard score, percentile 

rank, age equivalent, and support score as well as four maladaptive indexes - general 

maladaptive index (GMI), internalized maladaptive index (IMI), asocial maladaptive index 

(AMI), and externalized maladaptive index (EMI). Higher values on the overall support score 

reflect enhanced functional independence and, therefore, a reduced need for support. The 

standard score was used as an outcome measure from this assessment. 

 Appropriate institutional review board and ethics approval was obtained from the 

presiding university to conduct the study. 

Analysis 
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We first ran descriptive tests to determine the distribution of the data and independent t-

tests to determine differences in socio-demographic factors at each age. All data was analyzed by 

age time point for a total of four time points: 6-months, 12-months, 18-months, and 24-months. 

In addition, we used growth curve modeling to examine trajectories for bedtime routine and its 

impact on development. In order to do this, we first calculated the mean scores for each variable 

of interest. The mean scores represent the average response on that variable across all time 

points. Then, we calculated a time varying score for each variable of interest. This takes into 

account an individual’s average response and time point response; so, how much did the time 

point response vary from the overall average for the individual. By incorporating the average and 

time varying responses to the models, we were able to capture growth and variation for every 

infant.  

Altogether, we ran seven models for the outcome variables - ITSEA externalizing 

domain, ITSEA internalizing domain, ITESA competence-attention, LENA total child 

vocalizations, SIBR standard score, sleep efficiency, and sleep time. For each model, we first 

tested whether a random slope made a significant difference by using the model fit indices. After 

determining whether a linear or random model would be appropriate for the dependent variable, 

we utilized a backward trimming approach to find the best model to fit the data. This approach is 

consistent with statistical modeling techniques to obtain the most parsimonious model that 

explains the data. Graphs illustrate the association between consistent bedtime routine and the 

outcome variables. When a three-way interaction was statistically significant, the average rating 

of bedtime routine was recoded from a 0 to 4 scale to 0 to 2 scale to help depict the interaction. 

Since growth modeling weighs missing data differently than non-missing data, all data was 

included in the analyses (Van Buuren, 2018). Excluded data was limited to total child 
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vocalizations for the following reasons: 1) DLP recorder not on child at 24-months (N = 1), 2) no 

matching score on LENA at 12-months (N = 1), and 3) session recording and mailing back date 

inconsistent at 18-months (N = 1). All statistics were conducted using SPSS 24 & SPSS 26. 

Results 

Descriptive data 

 

Demographic variables. Data collected by group at each time point was as follows: 6-

months (DS: n = 17; TD: n = 22), 12-months (DS: n = 38; TD: n = 47), 18-months (DS: n = 57; 

TD: n = 53), and 24-months (DS: n = 57; TD: n = 50). Table 2 displays demographic 

characteristics of infants at their study entry time point. There was an almost equal percentage of 

males at 6-months and 12-months; however, 66.7% and 37.5% of infants were males in the DS 

and TD groups, respectively at 18-months. Furthermore, 33.3% were males at the 24-month time 

point in the DS group. Most infants identified as White, Non-Hispanic at all time points and 

almost everyone was primarily English speakers. Between 33% and 50% of the infants who 

participated in the study were the only child in the household. 

 Families in both groups were similar on socio-economic factors with no significant group 

differences in percent of family income less than $50,000. The only significant difference for any 

socio-demographic variable at any time point was the respondent’s level of education (in years). 

Respondents of infants in the TD group reported more years of education than respondents of 

infants in the DS group at 18-months (p = 0.037).  

Bedtime routine consistency characteristics 

  

The best fitting unconditional model for bedtime routine consistency included a linear 

intercept and slope. There was no significant effect of time point in parents’ reports of a 
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consistent bedtime routine, γ (SE) intercept = 3.18 (0.08), p = < 0.001, γ (SE) slope = 0.01 (0.04), p = 

0.746. In other words, the extent to which families differ on their infant’s bedtime routine 

consistency did not change over time, providing support to our hypothesis to the first research 

question. 

In the conditional model including group, parents of infants who are TD reported lower 

ratings of a consistent bedtime routine in comparison to parents of infants with DS; however, this 

was not statistically significant, γ (SE) intercept = -0.21 (0.15), p = 0.144. In support of our 

hypothesis, there was a negative association between bedtime routine consistency and bedtime 

difficulty therefore a consistent bedtime routine was indicative of less bedtime difficulty, γ (SE) 

intercept = -0.11 (0.04), p = 0.011. 

Parent perceptions of bedtime routine consistency 

 

The best fitting unconditional model for parents’ ratings of how important a consistent 

bedtime routine is for their infant’s development included a linear intercept and slope. There was 

a significant effect of time point in how parents perceived the importance of a consistent bedtime 

routine, γ (SE) intercept = 3.33 (0.06), p = < 0.001, γ (SE) slope = 0.08 (0.03), p = 0.003. Hence, our 

hypothesis for the second research question was supported, as parents’ ratings of the importance 

of a consistent bedtime routine increased with time. 

In the conditional model including group, parents of infants who are TD had lower 

ratings of the importance of a consistent bedtime routine on their infant’s development; however, 

this was not statistically significant from the DS group, γ (SE) intercept = -0.14 (0.11), p = 0.208. 

The conditional model including the group x time point interaction yielded no significant group 

differences over time, γ (SE) intercept = 0.04 (0.05), p = 0.422. 
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Bedtime routine consistency and daytime functioning 

 

ITSEA Externalizing domain. The best fitting unconditional model for the externalizing 

domain included a random intercept (p < 0.001) and random slope (p = 0.005) (Table 3 and 

Figure 3A). Bedtime routine was negatively associated with externalizing behavior; therefore, 

higher ratings of bedtime routine consistency were associated with less externalizing behavior (p 

= 0.016). There was not only a significant increase in the impact of parents’ rating of bedtime 

routine consistency on externalizing behavior over time (p = 0.045) but also a group difference 

with the TD group displaying a stronger link between routine consistency and externalizing 

behavior over time (p = 0.032). Although there was a general increase in externalizing behavior 

across groups, the rate of change was significantly lower for the TD group over time (p = 0.001) 

and slowed more prominently in the TD group as they approached 24-months (p = 0.023). In 

other words, externalizing behavior was lower at 6-months in comparison to 24-months and 

increased by 0.49 points with each time point. 

 ITSEA Internalizing domain. The best fitting unconditional model for the internalizing 

domain included a random intercept (p < 0.001) and quadratic slope, where parent ratings 

decreased over time (p < 0.001) (Table 3 and Figure 3B). TD infants displayed significantly 

higher scores on internalizing behavior irrespective of time (p = 0.002). The rate of change 

slowed over time in both groups (p < 0.001).  

ITSEA Competence attention. Table 3 and Figure 3C shows that the best fitting 

unconditional model for competence attention included a random intercept (p < 0.001) and 

random slope (p < 0.001). As such, infants’ attentiveness significantly increased over time but no 

significant group differences were found (p = 0.091). Although visual inspection of the data 
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suggested a group x time point interaction, this was not significant in the growth models (Figure 

3C). 

LENA Total child vocalizations. As shown in Table 4 and Figure 4A, the best fitting 

unconditional model for total child vocalizations included only a random intercept (p < 0.001) 

and the linear slope was not significant (p = 0.563). Infants with DS had roughly 832 fewer 

vocalizations than TD infants by 24 months (p < 0.001). There was a negative but not significant 

association between bedtime routine consistency and total child vocalizations (p = 0.463). We 

found a significant three-way interaction among group, time point, and routine consistency 

where the impact of a consistent bedtime routine became stronger in the TD group over time (p = 

0.040). There was a significant group x time point interaction such that vocalizations were higher 

in the DS group during the first year but then TD infants expressed more vocalizations while 

infants with DS began displaying deficits at 18-months and 24-months of age (p < 0.001). The 

effect of a bedtime routine on total child vocalizations was different for the TD group at 

particular time points (p = 0.040). 

 SIBR Standard score. The best fitting unconditional model for adaptive behavior 

included a random intercept (p < 0.001) and random slope (p < 0.001) (Table 4 and Figure 4B). 

There was a significant difference between groups on adaptive behavior scores with the DS 

group displaying lower scores, irrespective of time (p < 0.001). Consistency in bedtime routine 

was associated with at least 10-point difference in scores with each additional time point (p < 

0.001).  

 Sleep efficiency. Table 5 and Figure 5A summarize the relationship of time point, group 

and consistency in bedtime routine to the actigraphy-measured indicators of sleep quantity and 

quality. As shown, the best fitting unconditional model for sleep efficiency included a random 
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intercept (p < 0.001) and the quadratic slope was not significant (p = 0.499). Infants in the DS 

group had an average sleep efficiency approximately 10% lower than their TD peers (p < 0.001). 

Infants in the TD group exhibited an approximately 4% increase in sleep efficiency at each time 

point (p = 0.037) and the rate of change was more prominent in this group (p = 0.044).  

 Sleep time. The best fitting unconditional model for sleep time included only a random 

intercept (p < 0.001) and the linear slope was not significant (p = 0.339) (Table 5 and Figure 5B). 

Infants with DS had 48 minutes less sleep than their TD peers (p < 0.001). There was a positive 

association between bedtime routine consistency and sleep time, such that infants with more 

consistent sleep routines displayed longer sleep times, at least 9 more minutes, regardless of 

group (p = 0.019). The rate of change in sleep time was significantly lower for the TD group 

over time (p = 0.021). 

Discussion 

 

 In a large, longitudinal sample of infants with and without DS, this study found no 

significant differences over time on ratings of a consistent bedtime routine among infants in both 

groups from 6-months-old to 24-months-old. Parents of TD infants were less likely to report a 

consistent bedtime routine; however, this was effect was not significant. Consistent with our 

hypothesis, we found bedtime routine consistency to be indicative of less bedtime difficulty. 

Parents were also more likely to rate the importance of a consistent bedtime routine on their 

child’s development over time but there were no significant main effects of group, time, and 

group x time interaction. 

 These findings contribute to the minimal literature on bedtime routines in infants with 

DS. In our study, parents in both groups were already reporting a consistent bedtime routine with 

an average of 5-6 nights per week. In the DS group, 58.8% of infants at 6-months, 39.5% of 
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infants at 12-months, 41.8% of infants at 18-months, and 45.6% of infants at 24-months had a 

bedtime routine 5-6 nights per week. Parents reported a bedtime routine every night of the week 

for 29.4%, 47.4%, 49.1%, and 43.9% of infants 6, 12, 18, and 24-months, respectively. 

Similarly, in the TD group, 47.8% of infants at 6-months, 38.3% of infants at 12-months, 43.4% 

of infants at 18-months, and 54.0% of infants at 24-months had a bedtime routine 5-6 nights per 

week. A bedtime routine every night of the week was reported for 30.4%, 38.3%, 41.5%, and 

30.0% of infants at 6, 12, 18, and 24 months, respectively. Studies in the typical population 

highlight a similar prevalence rate. For example, Sadeh et al. (2009) found regularity of a 

bedtime routine or ritual increasing with age in the first 24-months, with slightly less than half of 

the infants displaying a bedtime routine 5-6 nights per week. Mindell et al. (2015) found that 

47.8% of infants/toddlers and 44.9% of preschoolers had a bedtime routine every night. The 

second-most prevalent bedtime routine frequency was at 5-6 times/week in both groups.  

Implementing a consistent bedtime routine can be attributed to different factors including, 

but not limited to, parents having consistent routines for their child throughout the day and night 

along with understanding the importance of a bedtime routine. In order to capture parents’ 

perceptions of a consistent bedtime routine, we asked them to rate how important a bedtime 

routine was for their child’s development. There were no significant differences between groups, 

but ratings of importance increased over time. Hence, parents felt that a bedtime routine would 

enhance their child’s development as they grew older, a phenomenon already supported by 

previous research (Mindell & Williamson, 2018). 

We addressed the third research question through growth curve models which highlighted 

a thought-provoking impact of bedtime routine on daytime functioning. Firstly, and in support of 

our hypothesis, having a consistent bedtime routine was associated with less externalizing 
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behavior and more total sleep time. Taking a closer look at the externalizing behavior model, we 

found a significant increase in the impact of parents’ ratings of bedtime routine consistency and 

externalizing behavior over time as well as a significant group difference with the TD group 

exhibiting a stronger link. Similarly, bedtime routine consistency was related to a 9-minute 

increase in total sleep time, regardless of group. In general, group differences were prominent in 

average sleep time with the DS group displaying approximately 48 minutes less sleep than the 

TD group on average. 

The relationship between a consistent bedtime routine and externalizing behavior is 

challenging to comprehend due to the nature of the questions asked in this domain. Externalizing 

behavior was captured through three subscales on the ITSEA - activity/impulsivity, 

aggression/defiance, and peer aggression (Carter & Briggs-Gowan, 2005). While some levels of 

externalizing behaviors are common among children, the validity of these behaviors among 6-

month-olds remains a question. We believe that activity/impulsivity could serve as a proxy for 

infant irritability or difficulty. Thus, having a consistent bedtime routine may reduce infant 

overactivity and impulsivity. This could further be attributed to infants’ expectations of having a 

routine and/or the calming effect of specific components of a bedtime routine (e.g., taking a bath, 

giving a massage, listening to soft music, reading a book, etc.). The overall increase in 

externalizing behavior across time in TD infants could also be driven by fluctuations in parent 

reacting to their child’s daytime behaviors. Other factors not assessed in the study but associated 

with externalizing behavior among young children include both the mother (e.g., fewer years of 

education, harsher disciplinary attitude, less sensitivity) and child (gender and temperament) 

(Miner & Clarke-Stewart, 2008). We should be cautious, however, when interpreting the 
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findings because we did not use the ITSEA as a clinical tool and the level of externalizing 

behaviors exhibited among TD infants may not maladaptive and/or of clinical concern. 

A 9-minute increase in nighttime sleep is somewhat comparable to past research. Studies 

have shown that a consistent bedtime routine influences different sleep parameters (Mindell et 

al., 2015; Mindell et al., 2017; Sadeh et al., 2009; Staples, Bates, & Petersen, 2015). Staples et al. 

(2016) demonstrated how parental adherence to a bedtime routine along with consistent daytime 

parenting was associated with highest amount of nighttime sleep among infants at 36-months of 

age. Parents high on bedtime routine adherence and daytime parenting consistency had infants 

sleeping approximately 60 minutes more than infants who had a bedtime routine but inconsistent 

daytime parenting. Sadeh et al. (2009) also demonstrated the variability in sleep patterns in the 

early years which may reflect biological, physiological, and/or environmental factors 

surrounding sleep. Although we did not include measures of daytime parenting in the current 

analyses, our study sheds light on the small increase in nighttime sleep. Specific to DS, infants in 

this group exhibited significantly less sleep compared to their TD counterparts. Edgin et al. 

(2015) have illustrated consistently less average sleep time for toddlers with DS in comparison to 

a typical control group. Our study extends the findings from Edgin et al. (2015) and express a 

need to consider the first two years of life when evaluating sleep and development in DS. 

 In support of our hypothesis to the third research question, bedtime routine also impacted 

total child vocalizations and adaptive behavior. Infants in the DS group had 832 fewer 

vocalizations by 24-months in comparison to their TD counterparts. Furthermore, the impact of 

routine consistency became stronger for infants in the TD group over time with 116 fewer words 

than the DS group. Not considering routine consistency, vocalizations were higher in the DS 

group during the first year of life but then significant deficits emerged at 18-months and 24-
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months. A consistent bedtime routine was significantly associated with at least 10-point 

difference in adaptive scores with each additional time point, irrespective of group. Overall, 

infants with DS exhibited lower standard scores on adaptive behavior than infants without DS. 

 This is the first study, to our knowledge, that assesses the effect of a bedtime routine on 

objectively measured language outcomes among infants with and without DS. Quite notably, 

having a consistent bedtime routine was associated with fewer words in the TD group. This 

provides evidence of a non-deficit-based approach (or strength-based approach) to understanding 

developmental outcomes in atypical populations. Contrary to a deficit-based approach, we 

observed higher number of vocalizations among infants with DS at earlier time points. We 

should interpret the language findings with caution as the LENA was recorded right before 

bedtime therefore it does not provide an accurate sample of expressive language of the 

participants. Our finding of lower adaptive behavior scores is akin to Edgin et al. (2015). Taken 

together, past research and the current study allow us to better understand where language and 

behavioral deficits begin to emerge among individuals with DS and pinpoint a developmental 

window where interventions would have the greatest impact on language and behavior outcomes. 

 There was no significant effect of bedtime routine on internalizing behavior, attention, 

and sleep efficiency hence our hypothesis was not supported. In these models, TD infants scored 

significantly higher on internalizing behavior and displayed better sleep efficiency in comparison 

to infants with DS. The rate of change was prominently slower for the TD group in terms of 

internalizing behavior. Attention behavior measured through the competence domain of the 

ITSEA only showed an increase in attentiveness over time but no group differences. 

 As discussed earlier, we should be careful when interpreting the ITSEA results. The 

internalizing domain was comprised of four subscales - depression/withdrawal, general anxiety, 
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separation distress, and inhibition to novelty (Carter & Briggs-Gowan, 2005). Since we included 

all time points in the models, it is possible that the separation distress and inhibition to novelty 

subscales apply to the 6-month time point while all four subscales are relevant for the 12- to 24-

month time points. Our results indicate that TD infants express more internalizing behavior than 

infants with DS. The mechanisms of this relationship are difficult to comprehend; however, 

possible explanations could be related to cognitive development and/or infant personality. 

 When we look at specific items on the four subscales, there are many items particularly in 

the depression/withdrawal and general anxiety subscales, that require more understanding of 

one’s environment, sense of self, emotions, etc. (e.g., “is very worried about getting dirty,” 

“worries about own body”). Considering the cognitive delay that is characteristic in DS, infants 

with DS may not comprehend and consequently carry out these behaviors (Chapman & Hesketh, 

2001). On the other hand, statements on the separation distress and inhibition to novelty 

subscales (e.g., “reaches for you when you are not holding him or her,” “is shy with new adults”) 

may pertain to infant personality. Some research suggests individuals with DS to possess a happy 

and more easy-going personality which would be reflected in scoring lower on the aforesaid 

items (Carr & Carr,1995; Fidler, 2006). As expected from a developmental lens, attention 

behavior increases with time and maturity. In conjunction with findings from the LENA, the 

internalizing and attention behaviors emphasize a non-deficit-based lenses to assessing 

development in DS. 

 Although the effect of bedtime routine consistency was not significant in the internalizing 

and attention models, there may be indirect pathways through which bedtime routine influences 

socio-emotional development. For example, there is evidence of a consistent bedtime routine 

being associated with better sleep and developmental outcomes (Hale et al., 2011; Mindell et al., 
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2009; Mindell et al., 2015; Mindell & Williamson, 2018). One indirect pathway involves 

daytime sleepiness. If an infant has less sleep at night and/or experiences fragmented sleep, then 

s/he is more tired during the day which influences how much they can pay attention to a task at 

hand. These indirect pathways were not explored in the models and would be a direction for 

further analyses with the dataset. 

 Lastly, infants in the TD group exhibited a 4% increase in sleep efficiency at each time 

point with the rate of change higher in the group. Meanwhile, we found an overall difference 

between groups on sleep efficiency with the DS group having an average sleep efficiency 10% 

lower than TD infants. This implies that sleep efficiency, as well as sleep time, are improving for 

the TD group while sleep problems are beginning to emerge during the infancy period in DS. 

Interestingly, a consistent bedtime routine did not impact sleep efficiency as it did sleep time. 

This contrasts with previous work which has focused on other sleep parameters such as sleep 

onset latency, frequency and duration of night wakings, 24-hour sleep, nighttime sleep, and 

daytime sleep (Mindell et al., 2015; Sadeh et al., 2009). The absence of a relation may suggest 

that bedtime routine may benefit certain sleep parameters, but in other instances sleep deficits 

such as sleep fragmentation and sleep-disordered breathing may be present regardless. Thus, 

while consistent routines allow for more sleep, the sleep may still be fragmented. 

Strengths, Limitations, & Future Directions  

  

This study provides preliminary evidence of the varying impact of a consistent bedtime 

routine among families with DS. This study is unique given the longitudinal study design from 6-

months-old to 24-months-old with assessments every six months. Inherent to conducting a 

longitudinal study is the challenge of maintaining participant contact for completion of all study 
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sessions and having a low attrition rate. We wanted to maximize the sample size while also 

allowing for at least two data collection points per participant. This was achieved for all but three 

families with DS who were unable to participate at the 18-month session and were interested and 

willing to enroll for the 24-month session. 

 At the time of this study, we are not aware of any research conducted on this topic in 

infants with DS. Moreover, there is limited information on bedtime routines in DS hence we 

tried to explain a new phenomenon in this population. Bedtime routines play an important role 

not only on sleep patterns but also daytime functioning but this has not been explored among 

individuals with DS until now. 

In addition, we utilized objective measures of sleep and language through the Actiwatch 

and LENA devices, respectively. Methods to collecting sleep data vary from in-person to 

telephone and web-based surveys as well as actigraphy and video recording (Mindell et al., 2015; 

Sadeh et al., 2009; Staples et al., 2015; Teti, Kim, Mayer, & Countermine, 2010). Incorporating 

actigraphy is key because research suggests that parents are inaccurate reporters of certain sleep 

behaviors (Breslin et al., 2014; Sadeh, 1996). We may further be able to compare sleep outcomes 

based on actigraphy and questionnaires to add to the literature on the accuracy of parents’ 

perceptions of sleep behaviors for their children. 

The strengths notwithstanding, this study possesses certain limitations. Firstly, we only 

administered eight out of seventeen subscales of the ITESA to infants ages 6-months-old to 24-

months-old. Both factors influence the validity of the assessment especially since it is valid for 

children ages 12-months to 35-months. Secondly, parents were asked to start the LENA 

recording right before their infant’s bath time, so it recorded the night hours before bed, 

overnight, and into half of the next day. As such, much of the recording includes overnight sleep 
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which can assist in looking at bedtime routine and other sleep-related behaviors. However, sleep 

is a time where language is minimal, therefore the LENA does not accurately reflect daytime 

child vocalizations. We should supplement this with hand-scores for the highest vocalizations 

and including other measures of language in our analyses such as the MacArthur Bates 

Communicative Development Inventory and the Ages & Stages Questionnaire. Thirdly, we have 

a smaller sample size at 6-months with 17 infants with DS and 23 infants who are TD. Lastly, 

there may be reporting bias since we maintained contact with participants not only for the time 

points but outside of the data collection windows to address their questions, comments, and 

concerns. There is a possibility of families changing their behaviors over time given the nature of 

the questionnaires they completed. 

To conclude, we highlight the impact of bedtime routine consistency on daytime 

functioning among infants with and without DS. Having a bedtime routine itself is different from 

having a consistent bedtime routine, the latter which is investigated in this study. We have 

presented evidence of the varying influences of bedtime routine consistency with most effects 

being seen in externalizing behavior, average sleep time, and child vocalizations. The growth 

curve models illustrate that a significant amount of the model is not being explained by the 

variables included. Hence, future work should consider looking at factors that are associated with 

the independent and dependent variables. These factors include co-morbid diagnoses of heart 

defects, OSAS, and ear problems that are prevalent in this population (Bull & the Committee on 

Genetics, 2011). Additionally, some infants may have received treatment (e.g., tonsillectomy and 

adenoidectomy (T&A) surgery, continuous positive airway pressure (CPAP)) while being in the 

study and these influence sleep. Finally, we should integrate the amount of napping and 24-hour 

sleep in the analyses to more accurately reflect an infant’s sleep. There is no doubt that sleep and 
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development are dynamic and interactive processes thus our analytical techniques should also 

reflect this complexity to ultimately recognize bedtime routines and development among infants 

with and without DS. 
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Figure 1. Summary of the family as part of a larger system (top) and interactive characteristics 

within the family that influence sleep (bottom). 
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Figure 2. AzSDS consort diagram. 
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Table 1 

Summary table of study measures across all time points. 

  Study Time Point 

  6-months 12-months 18-months 24-months 

Sleep 

 Actiwatch X X X X 

 CSHQ X X X X 

 ISQ X X X X 

 Healthcare Service Access    X 

Language 

 LENA X X X X 

 
LENA Sessions Recording 

Questionnaire 
X X X X 

 MBCDI - W&G X X X X 

 MBCDI - W&S   X X 

Development 

 ASQ-3 X X X X 

 BRIEF    X 

 CSBS-DP X X X X 

 ITSEA X X X X 

 Demographics X X X X 

 
General Health 

Questionnaire 
X X X X 

 M-CHAT R   X X 

 MTESI    X 

 My Baby’s Feeding Habits X X X X 

 PSI - SF X X X X 

 
Prenatal History 

Questionnaire 
Depends on age at study entry. 

 SIB-R EDF X X X X 

 
Your Child’s Routine & 

Activities 
   X 

Note. All of these measures were included in the parent study; the measures incorporated in the current paper and analyses are 

highlighted in yellow. 
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Table 2 

Study demographic characteristics at entry time point. 

  6-months 12-months 18-months 24-months  

  
DS 

(n = 17) 
TD 

(n = 23) 
DS 

(n = 21) 
TD 

(n = 25) 
DS 

(n = 18) 
TD 

(n = 8) 
DS 

(n = 3) 
TD 

(n = 0) 
Group differences 

Infant demographic characteristics 

 Mean age, 

years (SD) 
0.51 

(0.04) 

0.52 

(0.04) 

1.00 

(0.02) 

1.02 

(0.10) 

1.52 

(0.05) 

1.50 

(0.04) 

2.01 

(0.05) 
- - 

 % Male 58.8 60.9 55.0 56.0 66.7 37.5 33.3 - - 

 % White, Non-
Hispanic 82.4 86.4 75.0 84.0 88.9 75.0 100.0 - - 

 % Primary 

Language - 
English 

94.1 100.0 100.0 100.0 94.4 100.0 100.0 - - 

 % Only child 35.3 40.9 35.0 44.0 33.3 50.0 33.3 - - 

Social background factors 

 % Family 

income < 

$50,000 
17.6 22.7 5.0 20.0 16.7 12.5 0.0 - - 

 Mean 

respondent 
education, 

years 

17.6 17.9 17.4 17.4 17.1 18.6 18.0 - TD > DS at 18-months 

Note. DS - Down syndrome; TD - Typically developing. 
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Table 3 

Multi-level models for ITSEA outcomes. 

Note. ITSEA - Infant-Toddler Social and Emotional Assessment; TV - time varying variable; BR - bedtime routine. 

 

 

 

 

 

 

 

 

 

 Externalizing Domain Internalizing Domain Competence Attention 

 
Est SE p Est SE p Est SE p 

Fixed effects          

Intercept 1.74 0.27 < 0.001 1.61 0.17 < 0.001 1.27 0.09 < 0.001 

Time point 0.49 0.17 0.005 -0.06 0.08 0.472 0.18 0.02 < 0.001 

Group -0.37 0.38 0.328 0.36 0.12 0.002 0.11 0.07 0.091 

TV consistent BR -0.19 0.08 0.016 0.02 0.04 0.689 0.04 0.02 0.150 

TV consistent BR * Time point -0.09 0.04 0.045       

TV consistent BR * Group 0.16 0.11 0.157       

TV consistent BR * Group * Time 
point 

0.13 0.06 0.032       

Time point * Time point -0.02 0.03 0.546 -0.11 0.03 < 0.001    

Group * Time point -0.73 0.23 0.001       

Group * Time point * Time point -0.10 0.04 0.023       

          

Random effects          

Intercept 0.41 0.07 < 0.001 0.62 0.11 < 0.001 0.10 0.02 < 0.001 

Time point 0.03 0.01 0.005 0.06 0.02 0.002    

Intercept with time point 0.10 0.02 < 0.001 0.15 0.04 < 0.001    

Residual 0.12 0.01 < 0.001 0.20 0.02 < 0.001 0.08 0.01 < 0.001 

          

-2 LL 512.81   680.36   278.71   

AIC 520.81   688.36   282.71   
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Table 4 

Multi-level models for LENA and SIBR outcomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. LENA - Language ENvironmental Analysis; SIBR EDF - Scales of Independent Behavior Revised Early Development 

Form; TV - time varying variable; BR - bedtime routine. 

 

 

 

 

 

 

 

 LENA Total Child Vocalizations SIBR Standard Score 

 
Est SE p Est SE p 

Fixed effects       

Intercept 832.01 213.32 < 0.001 67.69 3.58 < 0.001 

Time point -81.10 139.93 0.563 -8.27 1.02 < 0.001 

Group 831.54 289.84 0.004 53.01 3.24 < 0.001 

TV consistent BR -46.24 62.88 0.463 -1.35 0.85 0.113 

TV consistent BR * Time point 20.55 41.83 0.624 10.07 1.43 < 0.001 

TV consistent BR * Group -121.39 87.33 0.166    

TV consistent BR * Group * Time 

point 
-115.64 55.90 0.040    

Time point * Time point       

Group * Time point 610.21 183.66 0.001    

Group * Time point * Time point       

       

Random effects       

Intercept 49234.58 14217.64 0.001 231.60 41.06 < 0.001 

Time point    25.66 8.83 0.004 

Intercept with time point    61.25 16.82 < 0.001 

Residual 139541.38 13794.13 < 0.001 73.68 8.97 < 0.001 

       

-2 LL 4529.78   2655.22   

AIC 4533.78   2663.22   
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Table 5 

Multi-level models for actigraphy-measured sleep efficiency and sleep time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. TV - time varying variable; BR - bedtime routine. 

 

 

 

 

 

 

 

 

 

 

 Sleep Efficiency Sleep Time 

 
Est SE p Est SE p 

Fixed effects       

Intercept 74.50 1.65 < 0.001 431.96 14.43 < 0.001 

Time point -0.90 1.34 0.499 -7.83 8.17 0.339 

Group 10.08 1.24 < 0.001 48.20 8.19 < 0.001 

TV consistent BR 0.28 0.43 0.530 9.23 3.91 0.019 

Time point * Time point -0.29 0.48 0.546 -6.78 2.90 0.021 

Group * Time point 3.85 1.84 0.037    

Group * Time point * Time point 1.32 0.65 0.044    

       

Random effects       

Intercept 11.67 3.35 < 0.001 1377.10 433.30 0.001 

Time point    589.80 195.66 0.003 

Intercept with time point    471.60 229.41 0.040 

Residual 27.21 2.81 < 0.001 1835.24 249.58 < 0.001 

       

-2 LL 1953.06   3298.65   

AIC 1957.06   3306.65   
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Figure 3. Graphs illustrating the effect of bedtime routine consistency on the three Infant-Toddler Social 

and Emotional Assessment (ITSEA) measures at each time point; A. Externalizing behavior between 

groups with a significant three-way interaction. B. Internalizing behavior between groups. C. Attention 

behavior between groups. 
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B. 

 

 

Figure 4. Graphs illustrating the effect of bedtime routine consistency on total child 

vocalizations and standard score of the Language ENvironmental Analysis (LENA) and Scales 

of Independent Behavior - Revised (SIBR) assessments, respectively, at each time point; A. Total 

child vocalizations between groups with a significant three-way interaction. B. Adaptive 

behavior standard score between groups. 
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Figure 5. Graphs illustrating the effect of bedtime routine consistency on actigraphy measures of 

sleep efficiency and sleep time at each time point; A. Sleep efficiency between groups. B. Sleep 

time between groups. 
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GENERAL DISCUSSION 

 

 This dissertation aimed to better understand sleep among families with DS from a family 

systems perspective. Key to this framework is the interconnectedness and dependency in the 

family system and subsystems which allowed us to investigate factors correlating with infant 

sleep health. As illustrated throughout the three studies, sleep is a dynamic and interactive 

process within and among individuals in a family. These characteristics require researchers to 

develop a multi-level approach to fully understand sleep and its impact on developmental 

outcomes. 

 To begin with, we found significant differences in infant sleep across the three categories 

of employment. In addition, parents with a standard work schedule were least likely to 

implement a consistent bedtime routine compared to parents with a nonstandard work schedule 

and unemployed parents, regardless of group. Parents’ perceived stress was lowest in the 

unemployed category compared to the other two groups. This data suggests that parental 

employment, an external environment to the family system, affects infant sleep behaviors at 18-

months of age, a topic that should further be assessed across different age groups and intellectual 

disabilities. Furthermore, this study illustrates two characteristics of the family system: 1) clear 

and flexible boundaries and 2) family system being a part of the larger social context (Cox & 

Paley, 1997). Not only do we observe clear and flexible boundaries within and across family 

subsystems (e.g., parental, marital, parent-infant, and siblings) but also between different societal 

systems (e.g., employment and family, school and family, neighborhood and school, etc.) To 

explain further, employment is one of many independent and external systems from the family 

system. When employment directly and/or indirectly affects the family, the boundaries between 

these two contexts becomes unstable and the impact can be seen in family functioning. This 
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instability further requires the family system to modify their routines, events, behaviors, etc. to 

achieve homeostasis. This is a bidirectional process with factors in the family system also 

impacting different aspects of work such as work performance.  

 We measured employment by the number of hours worked per week and parents’ report 

of work start and end times. However, we did not query parents about work schedule flexibility, 

which is linked to child sleep (Lee et al., 2019). Furthermore, it may be worthwhile to look at 

whether parents are employed part-time, full-time, or unemployed. The fact that employment 

plays a role in infant sleep directly relates to the interdependency of family members. It also 

relates to public health in that promoting health and well-being in the workplace may enhance 

well-being in the family system, community, and society. As an example, a parent experiencing 

stress at work may come home and experience more stress or lack thereof, depending on one’s 

perspective, in performing household duties (e.g., preparing meals, cleaning, taking care of 

children, etc.). Having support at home through spouse, parents, and older children can mediate 

the effects of work stress at home. Increased stress could also affect a parent’s emotional 

availability for their child and engaging in a bedtime routine which impacts both the parents’ and 

infant’s sleep behavior.  

As can be seen, infant sleep is multifaceted and interdependent on family practices and 

infant characteristics. There are so many levels (e.g., employment, stress) and sub-levels (e.g., 

hours/week, part-time, full-time, parenting stress, marital stress, work stress) of factors that 

influence sleep and development that it nearly impossible to include all in a single study. Hence, 

we attempted to raise awareness of the association between parental employment and infant 

sleep among families with DS at 18-months-old. The aforesaid factors relating to sleep are 

universal but, in the case of DS, families of infants with DS are also dealing with health issues 
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and developmental delays. This further highlights a need to address sleep in DS from a family 

systems perspective. Moreover, when the boundary between the family and workplace systems 

becomes eroded, the impacts extend to all family subsystems, in this case parent’s and infant’s 

interactions surrounding sleep. This is a bidirectional process as boundary disruption between the 

family and workplace can also influence workplace outcomes, a topic for further investigation 

among families with intellectual disabilities.  

In our second study, we found that co-sleeping patterns differed unexpectedly in children 

with DS and TD children at 18-months. Specifically, contrary to some previous work, we have 

measured no significant associations between co-sleeping, sleep efficiency, and daytime 

regulation among infants with and without DS. There is evidence of co-sleeping being associated 

with these other sleep parameters in previous work, suggesting that co-sleeping may affect some 

aspects of sleep but not others (DeLeon & Karraker, 2007; Volkovich, Ben-Zion, Karny, Meiri, 

& Tikotzky, 2015). While we focused our analysis on sleep efficiency as it is the most 

commonly used variable of sleep disturbance in DS, future work could broaden the variables 

relating to these patterns in both groups. But in total, this work broadens our understanding of 

co-sleeping in this special population and suggests that there are no measurable differences in 

sleep health or daytime abilities with the variables presented here. 

Linking co-sleeping into the family systems lens, this is a parent and/or family decision. 

Co-sleeping, as mentioned in the papers, can refer to bed-sharing or room-sharing and could be 

with parent(s) and/or sibling(s) (Burnham, 2013; Mindell & Owens, 2015). As indicated in the 

Family Systems Theory, inherent to co-sleeping arrangements is a feedback system and 

interdependency among family members (Cox & Paley, 1997). As an example, if an infant and 

parent co-sleep and the parent wakes up at night for any reason, the infant may also wake up. 
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This leads to settling him/her back down to sleep, especially if this is a fully conscious night 

waking. These nighttime interactions are impacting sleep in both the parent and infant, thereby 

demonstrating a feedback system. Rooted within key principles of the Family Systems Theory, 

this feedback system is maintained throughout the night and is ultimately related to daytime 

routines and behaviors (e.g., the time parent wakes up to get ready for work, the time infant gets 

ready for daycare, etc.) which further highlights the interconnectedness of sleep in the family 

(Cox & Paley, 1997). Overall, co-sleeping is a highly debatable topic for families and healthcare 

practitioners. While cultural and societal norms may dictate parents’ decision to co-sleep, 

healthcare professionals are at the forefront of ensuring that co-sleeping behavior, if practiced, is 

as safe as possible, primarily to reduce sudden infant death syndrome (SIDS) in infants. This 

brings forth a public health need for families to be aware of the advantages and disadvantages of 

co-sleeping and for healthcare providers to assess sleep in its entirety since birth. 

Lastly, we also provide preliminary evidence of the impact of bedtime routine 

consistency on socio-emotional outcomes and adaptive behavior among infants with DS and TD 

infants (ages 6-months to 24-months). Specifically, bedtime routine consistency was related to 

less externalizing behavior and fewer vocalizations in the TD group and a 10-point difference in 

adaptive behavior scores with each assessed time point and longer sleep times, regardless of 

group. Having a consistent bedtime routine is recommended for infants and children (Mindell, 

Meltzer, Carskadon, & Chervin, 2009). The National Sleep Foundation (NSF) recommends 

parents establish regular routines during the day and night and establish consistent and pleasant 

bedtime routines (NSF, 2019). This has not been explored in great depth among individuals with 

DS thus our study adds to the minimal literature on this topic.  
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Bedtime routines are interactive and can involve an assortment of behaviors (e.g., reading 

a book, listening to music, taking a bath, singing a song, breastfeeding, etc.). They are, 

essentially, quality time spent between a parent and his/her child. Daytime routines and events 

are likely to impact the bedtime routine whether it is through duration and/or activities. For 

example, if a parent is running late to picking up his/her infant from daycare, then the evening’s 

routine is also delayed. This indicates that maybe there are less activities during the bedtime 

routine or the routine is carried out in a rapid manner. Once again, we observe the 

interconnectedness and organization of the family system where interactions, behaviors, and 

daily events impact sleep health, particularly, the implementation of a consistent bedtime routine. 

Bedtime routines are, to a certain degree, a form of a feedback system which is fundamental to 

the Family Systems Theory (Cox & Paley, 1997). Different components of the routine such as 

taking a bath and singing a song are relaxing and may introduce a sense of calmness in infants. 

This can promote the parent(s) to initiate the next component of the bedtime routine such as 

reading a book and/or drinking milk. The bedtime routine proceeds in this manner with parent(s) 

acting upon their child’s cues and signals and vice versa. 

The abovementioned three studies add to the literature on sleep in families with DS 

during the infancy period. In Paper 1, we evaluated parental employment and infant sleep at 18-

months as prior literature has focused on other age groups (Daniel et al., 2009; Gay et al., 2004; 

Hedov et al., 2002; Joshi & Bogen, 2007; Kalil et al., 2014; Lee et al., 2019; Shearn & Todd, 

2000; Sinai & Tikotzky, 2012). Likewise, in Paper 2, previous research has addressed co-

sleeping among infants up to 6-months-old, 12-months-old, and retrospective and prospective 

studies among children 3-years and older but not 18-months-old (Baddock, et al., Ball et al., 

2000; Hayes et al., 1996; Hunsley & Thomas, 2002; Kelmanson,1999; Okami et al., 2002; 



127 
 
 

Robinson & Richdale, 2004, Bruni et al., 2014; Sadeh et al., 2009). Lastly, in Paper 3, we extend 

the findings from Breslin et al. (2014) and Edgin et al. (2015) to investigate infant sleep 

behaviors and development from 6-months to 24-months. Altogether, these studies contribute to 

the literature in DS by assessing the relationship of infant sleep, family functioning, and 

development using a mixed methods research design. 

 To conclude, we are social beings and interact with numerous individuals and 

institutions daily. When we study sleep behaviors, we should keep in mind that sleep is multi-

dimensional and is affected by and affects individuals across different contexts. Families of 

infants with DS are predisposed to sleep disturbances, as noted in past research. Disrupted sleep 

further influences daytime functioning and overall development. We should strive to not only 

determine the point at which developmental delay and progress begin to emerge among 

individuals with DS, but also effectively address these issues through timely intervention and 

therapy. Note that we emphasize developmental progress and not just developmental delay 

because, as one of our studies indicate, there may be outcomes where infants with DS perform 

better than their typically developing peers. A strength-based approach will further enhance our 

understanding of sleep in families with DS. 
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