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ABSTRACT
One important but poorly understood component of parenting young children involves
promoting the regulation of basic physiological systems. These include sleep and neuroendocrine
functioning, both of which are foundational for healthy social and emotional development. These
regulatory processes, however, are complexly determined. They are rooted in biology but are
also in continuous transaction with the environment, and there is evidence that children’s
physiological regulation both impacts and is impacted by quality of parenting. To date, few
studies have been sufficiently designed to enable an exploration of these bidirectional effects.
This dissertation aimed to elucidate how parenting and child regulation influence one another,
looking specifically at child regulatory processes of sleep (Study I) and neuroendocrine
functioning (Study II). In doing so, particular attention was given to quality of parenting during
children’s bedtimes and during the night. Parenting in child sleep contexts has rarely been
studied observationally, and these contexts may pose regulatory challenges for infants and be
stressful for parents as well.
Data for both studies were drawn from a larger NIH-funded study of 167 families. Study
I used multilevel modeling to explore how maternal emotional availability (EA) at bedtime and
time spent engaged in specific parenting practices were concurrently and longitudinally
associated with infant nighttime distress and sleep across the first six months. At time points
when mothers were more emotionally available at bedtime, infants were less distressed and slept
more of the night. At time points when infants co-slept more with a parent they also tended to be
less distressed, though on average more co-sleeping was linked to less infant sleep. Higher EA in
combination with less close contact at bedtime was associated with more infant sleep across the
night on average. Furthermore, less nursing at bedtime predicted a more rapid increase in infant
sleep with age, as did the combination of higher maternal EA and fewer arousing activities at
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bedtime. There was also evidence of infant-driven effects, as higher infant nighttime distress
predicted lower EA at the following time point.
Study II used multilevel modeling to examine how parenting at bedtime and nighttime
was concurrently and longitudinally associated with infant nighttime cortisol levels and
patterning across the first year. Infants had higher cortisol levels at time points when they were
more distressed and when their mothers were less emotionally available or awakened them more
often during the night. However, on average infants whose mothers responded more often to
their nighttime distress had lower cortisol levels. Higher maternal EA was also associated with
change in infant cortisol across the night, whereas lower EA predicted a pattern of less overnight
change, which was maintained across time. Additionally, higher infant morning cortisol
predicted lower maternal EA at the following time point above and beyond the effect of infant
nighttime distress.
This dissertation contributes to a larger body of literature addressing bidirectional
relationships between parent and child. The results support a bidirectional model of relations
between parenting and infant regulation, in that parenting was predictive of developmental
change in infant sleep patterning and neuroendocrine functioning, infants were sensitive to
variation in maternal care, and mothers were sensitive to variation in their infant's regulation.
The findings also point to the utility of observing parent-child dynamics in child sleep contexts,
which may be particularly helpful in elucidating the complex linkages between parenting and
early childhood physiological regulation.
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General Introduction
Parenting represents one of the most powerful influences on children's behavior,
particularly in early childhood. One important component of parenting young children involves
promoting the regulation of basic physiological systems, which are foundational for healthy
social and emotional development (Calkins et al., 2008; Eisenberg et al., 2005; Gunnar &
Donzella, 2002; Kochanska, Murray, & Harlan, 2000). However, regulation is multiply
determined and has a biological basis (Chess & Thomas, 1977; Crockenberg & Acredolo, 1983;
Field & Greenberg, 1982; Rothbart & Ahadi, 1994; Thomas & Chess, 1977; van den Boom &
Hoeksma, 1994),and there is also evidence that children’s regulation may affect the quality of the
parenting received (Bell & Belsky, 2008; Kennedy, Rubin, Hastings, & Maisel, 2004; Kiel &
Buss, 2013; Kochanska and Kim, 2012; Premo & Kiel, 2014; Perry et al., 2014; Rubin & Mills,
1990; Schwichtenberg, Anders, Vollbrecht, & Poehlmann, 2011; Yates, Obradović, & Egeland,
2010). Children who are better regulated may elicit more positive and less negative emotion in
parents (Cole, LeDonne, & Tan, 2013; Gross, Shaw, Burwell, & Nagin, 2009; Kiel & Buss, 2013;
Morrell, 1999), which in turn may lead to more supportive, sensitive caregiving. Examining
parenting and child regulation longitudinally can shed light on how they are related over time.
The overall aim of the current dissertation was to elucidate the degree to which parenting and
infant regulation are mutually influential over time. It incorporated repeated measures of both
parenting and infant regulation in order to examine how they were concurrently and
longitudinally associated. Parenting and infant regulation during the contexts of infant bedtime
and across the night were of interest. These situations may pose physiological challenges for
infants and therefore how parents manage them may be particularly relevant to regulatory
processes. In this introduction the two types of child regulation assessed in this dissertation, sleep
and neuroendocrine functioning, are first described, as well as their connections to children's
adjustment. Theory and empirical research examining how parenting and child regulation
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influence one another is then reviewed, and an explanation of how this dissertation contributes to
the existing literature is discussed. Finally, an overview of the two studies conducted is provided.
Sleep and neuroendocrine regulation in infancy
Sleep regulation
Sleep regulation evolves rapidly during the first six months of life. As newborns, infants
do not show a regular pattern in their sleep and tend to sleep for shorter durations across the day
and night with periodic awakenings in order to eat (Davis, Parker, & Montgomery, 2004). By
three months, however, children tend to sleep more during the night than day (Sheldon, 2002).
By six months, infant night waking declines from an average of two awakenings per night to one
(Galland, Taylor, Elder, & Herbison, 2012). Longest sleep period during the night also rapidly
increases from an average of five to eight hours (Galland et al., 2012). Thus, by six months many
infants begin to show evidence of consolidated nighttime sleep, which is marked by a reduction in
the length and frequency of night wakings as well as the ability to sleep from bedtime to morning
awakening without requiring parental intervention (Teti et al., in press; Henderson, France,
Owens, & Blampied, 2010). Importantly, infants characterized by consolidated sleep are not
necessarily sleeping across an entire night but have developed self-regulated sleep, which is the
capacity to fall back asleep on their own without signaling to parents for assistance (Anders,
Halpern, & Hua, 1992; Henderson et al., 2010; Minde et al., 1993; Keener, Zeanah, & Anders,
1988). Ability to self-soothe in infancy has also been linked to other aspects of temperament
related to self-regulation, including greater rhythmicity (Keener et al., 1988) and lower difficulty
(Keener et al., 1988; Minde et al., 1993). Although many infants establish these sleep patterns,
there is substantial individual variability (Galland et al., 2012) and between one quarter to one
third of parents report that their infants have problems falling or staying asleep at night (Mindell,
Kuhn, Lewin, Meltzer, & Sadeh, 2006).

3
Associations with adjustment
Children’s capacity for regulating sleep has been found to be strongly predictive of
daytime functioning across a variety of developmental domains. As outlined by Sadeh (2007),
there are two mechanisms by which sleep influences child functioning. First, sleep is important
for neurodevelopmental changes related to brain maturation and learning, and lack of sleep is
thought to preclude these necessary processes. Additionally, sleep is thought to facilitate an alert
daytime state that allows for active engagement with the environment. Reduced daytime
alertness may negatively influence brain functioning in areas such as the prefrontal cortex, which
could reduce capacity for learning.
Experimental restriction of sleep in older children has shown that reduced sleep is
predictive of poorer performance on cognitive tasks assessing reaction time, sustained attention,
and working memory (Sadeh, Gruber, & Raviv, 2003). This type of experimental manipulation
has not been examined with infants as it is difficult to control their sleep schedule, but
correlational studies have shown that reduced nighttime sleep in infancy is linked concurrently
and longitudinally to reduced cognitive functioning. Poorer sleep in infancy, manifested as less
time spent sleeping, more time awake, or more sleep fragmentation, has been concurrently linked
to lower scores for mental development on the Bayley Scales (Scher, 2005) as well as poorer
executive functioning in toddlerhood (Bernier, Beuchamp, Bouvette-Turcot, Carlson, & Carrier,
2013) and increased risk for language delays at age 5 (Dionne et al., 2011).
Few studies have experimentally manipulated children’s sleep in order to examine
behavioral outcomes. Those studies that have tested this association have found sleep restriction
to be predictive of attention difficulties in school-aged children (Fallone et al., 2001; Fallone et
al., 2005). In correlational work, poorer sleep quality in infancy has been associated with later
ADHD diagnosis (Thunstrom, 2002) as well as attention problems in early childhood and
adolescence (O’Callaghan et al., 2010). Additionally, many studies have detected a link between
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restricted or fragmented sleep and negative mood and difficulty regulating emotion in children
(Gregory & O’Connor, 2002; Gregory et al., 2004; Smaldone, Honig, & Byrne, 2007; Smedje et
al., 2001). These effects on mood and emotion regulation may underlie the development of
behavior problems, as poorer sleep quality in early childhood has been linked to both
internalizing (Troxel, Trentacosta, Forbes, & Campbell, 2013) and externalizing (Scharf,
Demmer, Silver, & Stein, 2013; Lavigne et al., 2013) as well as anxious/depressed behavior at 5
years old (Sheridan et al., 2013).
Neuroendocrine regulation
Neuroendocrine functioning is commonly studied in children by measuring cortisol levels
from saliva samples. Cortisol is a hormone released in response to stress as the final product of
the HPA (hypothalamic-pituitary-adrenal) axis. Stressors that involve unfamiliarity, novelty,
negative emotion, social conflict, or uncontrollability tend to evoke a cortisol response (Levine et
al., 1989). Generally cortisol increases about 20-25 minutes following a stressful event (Gunnar
& Talge, 2008), but there are individual differences in the magnitude of the response and in the
time it takes to return to basal levels that are theorized to be indicative of an individual’s ability to
respond adaptively to stress (Bauer, Quas, & Boyce, 2002).
In typical individuals, daily cortisol production follows a diurnal rhythm. Cortisol
increases sharply following awakening in the morning and declines gradually across the day
(Edwards, Clow, Evans, & Hucklebridge, 2001). Children do not show a diurnal rhythm in
cortisol when they are born, but in the first few months of life most infants begin to show their
highest levels of cortisol in the morning and lowest at night (de Weerth, Zijl, & Buitelaar, 2003;
Mantagos, Moustogiannis, & Vagenakis, 1998; Price, Close, & Fielding, 1983; Santiago, Jorge,
& Moreira, 1996). Individual differences exist in the amount of cortisol secreted across the day,
the magnitude of cortisol increase following awakening in the morning, and the slope of cortisol
decline the day. Measures of these physiological processes may reflect the cumulative effects of
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an individual’s ability to cope with stressors over time, as individuals who have experienced
greater stress tend to show greater deviations from this typical pattern.
Associations with adjustment
This dissertation was concerned with cortisol levels and patterning over time. Cortisol
levels are thought to reflect an overall capacity for regulating stress. Generally, higher basal
cortisol levels and elevated cortisol levels in response to stress are associated with internalizing
(Kagan, Reznick, & Smider, 1987; Schmidt et al., 1997; Schmidt, Santesso, Schulkin, &
Segalowitz, 2007; Smider et al., 2002; Sturge-Apple et al., 2012). Kagan and colleagues (1987)
theorized that some individuals may be more sensitive to stress, which leads to increases in
cortisol secretion that are associated with internalizing behaviors consistent with fear such as
withdrawal and anxiety. Stressful early experiences may also program the HPA axis to be more
responsive to stress, leading to higher levels of internalizing (Gunnar & Donzella, 2002). On the
other hand, very low cortisol levels are more frequently associated with externalizing behavior
(Alink et al., 2008). There are multiple hypotheses that may explain this association. First, some
children may be less sensitive to stress, which leads to lower levels of cortisol and therefore less
fear and anxiety (Raine, 1996). In the absence of anxiety, these children may engage in more
externalizing behavior because they are not fearful of the consequences. Another hypothesis
suggests that individuals characterized by low levels of physiological arousal may purposely seek
out arousal-eliciting stimuli in order to increase their arousal levels, which manifests as
externalizing type behaviors such as aggression and acting out (Zuckerman, 1979). In doing so,
these individuals may expose themselves to many stressful situations, to which they eventually
habituate and cease to show cortisol responses to (van Goozen, Fairchild, Snoek, & Harold,
2007).
Although in general elevated cortisol levels are associated with internalizing and very
low levels are associated with externalizing, findings in both of these areas of research is mixed.
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A review of the literature suggests that child age may influence the results. For example, in a
recent meta-analysis Alink and colleagues (2008) found that lower basal cortisol levels were
associated with more externalizing behaviors in school-aged children, whereas higher basal
cortisol was linked to externalizing in preschoolers. It could be that low basal cortisol levels
occur as a result of downregulation over time and that the preschool period is too early to detect
this, or that externalizing types of behaviors in preschool are more normative and less
problematic than in school-aged children (Alink et al, 2008). In a similar vein, Ruttle and
colleagues (2011) found that internalizing behavior in childhood predicted lower morning cortisol
in adolescence, but in adolescence higher internalizing was associated with higher morning
cortisol. They suggested that the stress from internalizing behaviors and emotions themselves
may lead to eventual downregulation of the HPA axis.
Associations between cortisol patterning and adjustment have less commonly been
examined. Typically those studies that do examine these associations focus on the magnitude of
the rise in morning cortisol as well as the slope of decline in cortisol across the day. For example,
a flattened pattern of cortisol characterized by lower morning cortisol values and a smaller
negative slope in cortisol across the day has been detected in samples of high-risk children
growing up in deprived orphanage environments (Gunnar & Vazquez, 2001; Carlson & Earls,
1997). These children often have serious social and emotional deficits. A lack of rise in morning
cortisol is theorized the influence children's ability to engage with the environment across the
day, as higher levels of cortisol in the morning mobilize energy, stimulate the appetite, and
facilitate learning (Gunnar & Vazquez, 2001). On the other hand, elevated morning cortisol
levels relative to other children may be indicative of higher stress reactivity and reflect the body's
preparation for stressful experiences during the day (Murray et al., 2010). Furthermore, a lack of
decline in cortisol across the day may result in higher daytime cortisol levels that interfere with
social and emotional functioning (Fisher et al., 2007). For example, children in daycare who
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show an increase in cortisol across the day, rather than the expected decrease, tend to display
more externalizing behavior in the form of aggression as well as more difficulty regulating
negative emotions than other children (Dettling, Gunnar, & Donzella, 1999; Dettling, Parker,
Lane, Sebanc, & Gunnar, 2000; Tout, deHaan, Kipp-Campbell, & Gunnar, 1998). Interacting
with peers may be particularly challenging for these children, which causes an increase in cortisol
that promotes more defensive aggression (Gunnar & Donzella, 2002).
Contributions to existing literature: Examining longitudinal associations between
parenting and infant regulation within infant sleep contexts
Previous work has established that parenting has an important influence on the
development of infant regulatory capacities. A smaller body of research suggests that infant
regulation may affect parenting behaviors. This dissertation sought to build upon previous work
by examining repeated assessments of parenting and infant sleep and cortisol over time. This
allowed for study of bidirectional linkages between parenting and infant regulation as well as
examination of how within-person deviations in maternal parenting were linked to infant
regulation. Furthermore, these processes were studied within infant sleep contexts. Although
daytime contexts are more typically studied, infant bedtime and night wakings may be stressful
for infants as well as parents and therefore how parents manage these situations may be
particularly relevant to the development of infant regulatory capacities. The following section
will provide an overview of the theory and empirical evidence to-date regarding predictive
associations between parenting and infant regulation and vice versa, in addition to providing and
explanation of the ways in which this dissertation aimed to build upon this work.
Parenting influences on infant regulation
Parents may facilitate the development of regulation in their children both by buffering
them from excessive stress (Gunnar & Donzella, 2002) and by providing effective regulatory
strategies in the context of their daily interactions that children can internalize over time (Calkins,
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Smith, Gill, & Johnson, 1998; Kopp, 1982; Sroufe, Duggal, & Carlson, 2000). Generally,
parenting that accomplishes these two goals is considered sensitive. Sensitive parenting is
defined by awareness and accurate interpretation of child cues and emotions, followed by
contingent and appropriate responses to them (Ainsworth et al., 1978). Consistent responsiveness
to child signals is thought to help the child develop self-efficacy in their ability to influence the
external environment (Brazelton, Koslowski, & Main, 1974). Sensitive parents also help children
transition from negative to positive affect, and through this change children develop the capacity
to use the parent as a source of regulation (Tronick, 1989). The situations in which children
require parental assistance may vary according to the child's temperament. An inhibited child
may need more parental encouragement when faced with novelty (Fox et al., 2005), whereas
exuberant children may require more parental control in unfamiliar and potentially unsafe
contexts. Over time, children's confidence in their ability to influence their environment and use
the parent for coregulation translates into a burgeoning capacity to regulate on their own.
Parenting influences on infant sleep
Parenting plays an important role in helping infants regulate their sleep and wake states.
Greenspan (1981) argued that competent parenting helps young infants achieve homeostasis,
which he defined as an optimal level of arousal in which infants are able to take in information
from their environment. To promote this regulation, parents must respond appropriately and
sensitively to infant cues (Ainsworth et al., 1978), including those of wakefulness and tiredness.
Early research studying the link between parenting and infant sleep found that infants of mothers
who were observed to more frequently touch and hold them during the day were reported by their
mothers to be nightwakers (Paret, 1983). Infants who spend more time in contact with their
parents may not have the chance to learn to regulate their state on their own and may continue to
rely on the parent for assistance. By reading infant cues and providing the child the opportunity
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to sleep when tired, parents may promote the development of effective sleep-wake regulation in
their children.
In a similar vein, some research has indicated that the quality of the infant’s attachment to
the parent is related to their sleep quality. Insecurely attached infants, particularly those
characterized by insecure-resistant attachment, tend to have more sleep problems than secure
infants (Morrell & Steele, 2003; McNamara, Belsky, & Fearon, 2003). There is also evidence
that attachment security predicts change in infant sleep over time. For example, Zentall and
colleagues (2012) found that securely attached infants showed a decrease in number of night
wakings from 7 to 14 months, the developmental window during which the attachment system
comes on line (Bowlby, 1969). Insecure-resistant infants, in contrast, continue to show the same
amount of awakenings across this time period. These results can be understood from an
attachment perspective (Zentall et al., 2012). For secure infants, a history of responsivity and
sensitivity to child cues, particularly distress, leads to infant to feel comfortable in knowing the
mother would be available if she was needed. Resistant infants, however, are not confident in
their mothers’ availability and thus use their characteristic strategy of attempting to keep the
mother close by signaling to her upon awakening.
In this dissertation, parenting at bedtime was studied in association with infant sleep
quality. Studying the bedtime context may allow for greater specificity in determining parenting
behaviors that promote or preclude infant sleep. Previous studies have shown that parental report
of increased presence and close contact when the infant is first falling asleep for the night predicts
more frequent infant night waking (Adair, Bauchner, Philipp, Levenson, & Zuckerman, 1991;
Anders, Halpern, & Hua, 1992; Burnham et al., 2002; Cronin, Halligan, & Murray, 2008; Mao et
al., 2004; Morrell & Cortina-Borja, 2002; Scher & Blumberg, 1999; Sheridan et al., 2013; Wolke,
Meyer, Ohrt, & Riegel, 1995). It is thought that when infants settle to sleep with their parents
present, they may not learn how to fall asleep on their own (Adair et al., 1991; Cronin et al.,
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2008), and therefore may become dependent on their parents for assistance falling back asleep
when they wake up during the night. This dissertation sought to build upon this body of work in
several ways. First, information regarding parenting practices and infant sleep was obtained
objectively using behavioral observation of bedtime and nighttime from video recordings rather
than relying upon parental recollection. Parents may also not always be aware of when their
infants are awake during the night if they are asleep themselves. Additionally, repeated measures
assessment of both parenting practices and infant sleep allowed for examination of both how
parenting practices predicted change in infant sleep outcomes over time and whether infants
tended to sleep better on nights when parents engaged in fewer activities involving close contact
at bedtime. To our knowledge, this represents the first work studying within-person associations
between parenting and infant sleep.
Additionally, emotional availability (EA) at infant bedtime will be studied as a predictor
of infant sleep quality as well as potential moderator of the association between parenting
practices and child sleep. The construct of EA captures the level of emotional attunement and
communication between parent and child (Biringen, 2000). It includes measures of sensitivity,
structuring, non-hostility, and non-intrusiveness. Typically EA is studied during free play, but
may be particularly important for study at infant bedtime because of the challenge this context
can pose for young children. Tired children may require assistance regulating their emotions and
behavior as they prepare for sleep. Furthermore, falling asleep requires feeling safe and secure in
the environment, and parents who are warm and sensitive at bedtime may better foster these
feelings of trust in their children (Teti, Kim, Mayer, & Countermine, 2010). Previous research
has found maternal EA at infant bedtime to be concurrently associated with better infant sleep
quality (Teti et al., 2010). This dissertation sought to replicate concurrent associations between
maternal EA and infant sleep in addition to examining how maternal EA was predictive of change
in infant sleep patterns over time. Furthermore, this dissertation also studied how within-person
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deviations in maternal EA were linked to infant sleep; in other words, it tested whether infants
tended to sleep better on nights when mothers were more emotionally available at bedtime.
The quality of the parent-child bond, as manifested at bedtime, may also influence the
effectiveness of the practices parents use at bedtime, such as close contact. Darling and Steinberg
(1993) suggested that when parents are more emotionally attuned with their child, the effects of
their practices on child developmental outcomes is strengthened. Support for this theory has been
demonstrated in empirical work examining parental discipline strategies. Generally power
assertive discipline techniques have been associated with greater child competence when mothers
were more emotionally supportive to their children (Towe-Goodman & Teti, 2008) and to poorer
outcomes in the context of lower maternal emotional support (McLoyd & Smith, 2002; ToweGoodman & Teti, 2008). Although this theory is meant to apply to any situation in which the
parent has a goal for the child, it has never been tested in infant sleep contexts. However, the fact
that parenting practices and quality have been found to be unrelated at bedtime (Teti et al., 2010),
but that both are associated with quality of infant sleep is suggestive of potential interactive
influences. It may be that when the parent is sensitive to their child's needs at bedtime, less time
in close contact is more acceptable to the child. Thus, this dissertation examined how maternal
EA moderated the influence of parenting practices at bedtime on infant sleep outcomes.
Parenting influences on infant cortisol
Early caregiving experiences play an important role in programming the HPA axis.
Childhood appears to represent a sensitive period during which the HPA axis is developing and is
sensitive to environmental input (Gunnar & Vazquez, 2001). In the context of a high-threat
environment, chronically elevated cortisol levels may be adaptive because they mobilize
resources that help the individual to cope with stressors. Thus, in children exposed to high-threat
contexts during development, the HPA axis may become programmed to be more responsive to
stress, such that these children have a lower threshold as well as an exaggerated response to
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stress. Gunnar and Donzella (2002) have suggested that sensitive caregiving that buffers the
child from elevations in cortisol early in life may prevent the HPA axis from becoming hyperresponsive to stress. Thus, children of parents who are more sensitive are expected to have lower
cortisol levels than children whose parents are more intrusive, harsh, or controlling. However,
extremely harsh, maltreating parenting is thought to lead to such frequent cortisol elevations in
some children that the HPA axis eventually downregulates and therefore is less responsive to
stress and produces a flattened rhythm in cortisol across the day (Gunnar & Vazquez, 2001).
Generally, empirical research has supported these theories. In typical samples, higher quality
parenting has been associated with lower basal cortisol levels (Belsky, Ruttle, Boyce, Armstrong,
& Essex, 2015; Murray, Haligan, Goodyer, & Herbert, 2010; Sturge-Apple, Davies, Martin, &
Cicchetti, 2012), reduced cortisol response to stress (Hane & Philbrook, 2012; Luijk et al., 2010;
Spangler & Grossman, 1993, Spangler & Schieche, 1998), faster recovery from stress (Albers,
Riksen-Walraven, Sweep, & de Weerth, 2008; Grant et al., 2009), and healthy diurnal patterning
(Fisher et al., 2007; Luijk et al., 2010; Philbrook et al., 2014). As noted earlier, in high-risk
samples of children in deprived orphanage environments, very low cortisol levels and a flattened
diurnal rhythm have been detected (Gunnar & Vazquez, 2001; Carlson & Earls, 1997).
This dissertation examined how parenting quality at bedtime, specifically maternal EA,
was associated with infant cortisol secretion. Bedtime may represent a particularly challenging
context for infants and young children because they are tired and may be required to physically
separate from their parents depending on the family's sleep arrangement (Teti et al., 2010). Thus,
they may place additional demands for attention and care on their parents in this context. This
may mean that bedtime is especially relevant to child cortisol secretion, which indexes child
stress. Parents who are sensitive and responsive to their children’s needs in this context may help
to buffer children from potential stressors. In support of this idea, previous research found that
young infants whose mothers were more emotionally available to them at bedtime had lower
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cortisol levels and healthier cortisol patterning across the night (Philbrook et al., 2014).
Furthermore, repeated assessments of maternal EA and infant cortisol across infancy allowed for
examination of parenting predicted change in infant cortisol levels and patterning over time as
well as investigation of how within-person variation in maternal EA was linked to infant cortisol.
To our knowledge, previous work has not yet tested either of these relationships.
Infant influences on parenting
Infants' regulatory abilities may also influence parenting. Both developmental systems
theory (Lerner, 1998; Lerner, Rothbaum, Boulos, & Castellino, 2002) and transactional models of
development (Cicchetti & Toth, 1997; Lewis & Lee-Painter, 1974; Sameroff, 1975) suggest that
there are bidirectional influences between parent and child. Theory has also emphasized the
agency of the child in initiating interactions with the parent that influence development (Bell &
Harper, 1977; Lerner & Spanier, 1978; Maccoby & Martin, 1983). In early infancy, the child’s
primary means to elicit parental attention is via distress (Bell, 1974), though longer infant
wakefulness and higher restlessness during the day have also been shown to elicit greater
maternal attention (Korner, 1974). As the child grows older, they begin to initiate social bouts
with the parent by smiling and vocalizing (Bell, 1974). Children’s interactions with their parents
may be influenced in part by their ability to self-regulate. A child who is better regulated may be
easier to parent, both because they may evoke less stress and negative emotion (Gross et al.,
2009; Kiel & Buss, 2013; Morrell, 1999) and elicit more positive emotion in parents (Cole et al.,
2013). Theory and empirical work examining infant temperament as a predictor of parenting
supports this perspective. For example, parents are more likely to use power assertive discipline
techniques with children who are more negative and angry (Bell, 1968; Bell & Chapman, 1986)
and multiple studies have shown that irritable infants tend to receive lower quality care
(Crockenberg, 1981; van den Boom, 1994). Child regulatory constructs such as sleep quality and
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neuroendocrine functioning may be indicative of behavior, but they have less commonly been
examined as predictors of later parenting.
Infant sleep influences on parenting
Generally, more work has been devoted to studying parenting effects on infant sleep then
to the reverse pathway. However, the sleep disruption caused by young children’s night wakings
is challenging for parents, and lack of sleep may place parents at risk for increased distress and
poorer quality parenting. For example, more frequent infant night waking is predictive of higher
maternal depressive symptoms, and this link may be mediated by mother’s sleep loss (Bayer et
al., 2007; Meltzer & Mindell, 2007; Scott & Richards, 1990). The parenting of mothers who are
depressed, in turn, has been shown to be characterized by flat affect, intrusiveness, low contingent
responsivity, and inattentiveness (Gelfand & Teti, 1990), which may be attributable to reduced
parenting self-efficacy in depressed mothers (Teti & Gelfand, 1991). Thus, depressive symptoms
resulting from sleep loss may negatively affect quality of parenting. There is also evidence that
when infants sleep better during the day, parenting is of higher quality. Using a sample of infants
born prematurely, Schwichtenberg et al. (2011) found that more time spent napping in early
infancy predicted more sensitive maternal interaction during play. Furthermore, more sleep
problems in older children have been shown to predict lower maternal sensitivity over time (Bell
& Belsky, 2008). Thus, previous work has indicated that poorer child sleep is predictive of lower
quality caregiving from parents.
These same factors may be at play in the context of parenting of bedtime, which is the
focus of this dissertation. Parent tiredness or depressive symptoms related to sleep disruption
may make it more challenging to be sensitive to the infant. Additionally, infant sleep problems
may predict parents’ difficulty setting limits for their child at bedtime (Sadeh et al., 2007), as
parents attempt to soothe infants who are resistant to falling asleep or to separating from the
parent to sleep. The difficulty of establishing limits may in turn elicit frustration in the parent that
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leads to intrusive or rejecting parenting (Morrell, 1999). Furthermore, transactional models of
infant sleep development suggest that poorer infant sleep predicts parenting behaviors that
perpetuate more frequent infant waking (Sadeh, 2007; Sadeh & Anders, 1993). Frequent infant
night wakings may translate into greater parental presence and intervention during bedtime and
nighttime, which is thought to preclude the ability to develop self-regulated sleep.
Infant cortisol influences on parenting
Infant cortisol influences on observed parenting behavior have also rarely been examined.
However, higher cortisol levels have been detected in children who are more emotionally reactive
to fear and frustration (Kagan et al., 1987, Lewis & Ramsay, 2005; van Bakel & RiksenWalraven, 2004), and these characteristics have been shown to predict lower quality parenting.
For example, inhibited children tend to be reactive infants who show greater elevations in cortisol
in response to stress (Kagan et al., 1987), and inhibited children have also been shown to receive
lower quality parenting. Mothers of inhibited children are more likely to endorse higher levels of
power assertion in dealing with their children (Rubin & Mills, 1990). These mothers may be
frustrated or embarrassed by their children’s behavior, which in predicts more controlling
parenting. A recent study found that mothers who were more embarrassed by their toddler’s
shyness were more likely to behave intrusively with them, such as by carrying or pushing their
children toward novel stimuli (Kiel & Buss, 2013). Difficult child temperament also been shown
to initiate a negative cycle of parent-child interaction in which parents are more likely to use
control behaviors that involve physical restraint (Lee & Bates, 1985) and power assertion
(Kochanska & Kim, 2012). Parental attempts to control their children may in turn evoke greater
resistance. For example, Kochanska and Kim (2012) found that toddlers’ anger-proneness
predicted an increase in parents’ power-assertive behaviors, which predicted more child
externalizing. Despite the evidence at the behavioral level that more reactive children tend to
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receive poorer parenting, previous research has not yet examined child cortisol as a predictor of
later parenting.
This dissertation examined how infant cortisol was predictive of parenting quality at
bedtime. Higher infant stress, as indexed by greater cortisol secretion, may be particularly
challenging to parents at bedtime because of the additional demands placed on parents in this
context as compared to the more traditionally examined free play situation. In contrast to free
play, in which infant and parent generally have the same goal, parents and infants may be at odds
at bedtime. The infant is likely tired and requires assistance soothing him or herself to sleep, and
if the parent and infant sleep separately or the infant goes to sleep before the parents a separation
is required that the infant may resist. In this context, a child who is more stressed may be
especially challenging to the parent.
Main research questions
This dissertation aimed to make use of a large longitudinal dataset in order to examine
how parenting and child regulation influence one another. Two child regulatory indices- sleep
quality (Study I) and cortisol secretion (Study II), as well as parenting at infant bedtime and
across the night were examined in two separate papers. Both studies examined how parenting
and child regulation were associated over time using repeated measures of both factors. The data
were drawn from Project SIESTA (Study of Infants’ Emergent Sleep TrAjectories, Douglas Teti,
P.I.).
Study I: Influences and interactions between parenting practices and quality at bedtime
and infant sleep quality across the first six months
Study I used behavioral observation to explore the relation between maternal parenting
practices at bedtime and infant sleep quality across ages 1-6 months. Between one quarter to one
half of infants and young children have sleep difficulties (Bayer et al., 2007) and there is evidence
that parenting at bedtime influences the quality of infants' nighttime sleep (Adair et al., 1991;
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Anders et al., 1992; Burnham et al., 2002; Cronin et al., 2002; Mao et al., 2004; Morrell &
Cortina-Borja, 2002; Scher & Blumberg, 1999; Sheridan et al., 2013; Teti et al., 2010; Wolke et
al., 1995). There is also theory and research to suggest that infant sleep quality is predictive of
later parenting behavior (Sadeh, 2007; Sadeh & Anders, 1993; Sadeh et al., 2007). This study
used multilevel modeling to explore how maternal emotional availability and time spent engaged
in specific parenting practices at bedtime was concurrently and longitudinally associated with
quality of infant sleep across the infants’ first six months. Additionally, parenting quality was
examined as a moderator of the association between parenting practices and infant sleep quality.
Higher maternal emotional availability and less time spent engaged in feeding, close contact, and
arousing activities at bedtime was hypothesized to predict better infant sleep quality. Better
infant sleep quality was also hypothesized to predict higher emotional availability and less
feeding and close contact at bedtime.
Study II: Longitudinal associations between maternal emotional availability at bedtime and
infant cortisol levels and patterning in the first year
Study II examined the association between parenting quality and infant cortisol secretion
across ages 3-9 months. Gunnar and Donzella (2002) have argued that in the first year of life
when cortisol regulation is becoming established, parents play an important role in buffering their
infants from stress. Their theory is supported by a growing body of empirical evidence
demonstrating concurrent associations between higher quality parenting and reduced cortisol
response to stress (Hane & Philbrook, 2012; Luijk et al., 2010; Spangler & Grossman, 1993,
Spangler & Schieche, 1998), faster recovery from stress (Albers et al., 2008; Grant et al., 2009),
and healthy diurnal patterning (Fisher et al., 2007; Luijk et al., 2010; Philbrook et al., 2014).
However, higher cortisol levels have been detected in children who are more emotionally reactive
to fear and frustration (Kagan et al., 1987, Lewis & Ramsay, 2005; van Bakel & RiksenWalraven, 2004), and these characteristics have been shown to be predictive of lower quality
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parenting (Kiel & Buss, 2013; Kochanska and Kim, 2012; Rubin & Mills, 1990). Thus, higher
cortisol levels may also predict lower quality parenting. This study used multilevel modeling to
examine how maternal emotional availability and infant cortisol levels and patterning were
concurrently and longitudinally associated. Higher maternal emotional availability was
hypothesized to predict lower infant cortisol levels and healthier patterning, and lower infant
cortisol was expected to predict higher emotional availability.
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Study I
Influences and Interactions between Parenting Practices and Quality at Bedtime and Infant
Sleep Quality across the First Six Months
Introduction
Better quality of sleep is associated with improved cognitive and behavioral development
in childhood (Jenni & Dahl, 2008). However, between one quarter to one half of infants and
young children have sleep difficulties (Bayer, Hiscock, Hampton, & Wake, 2007; Halbower &
Marcus, 2003; Lozoff, Wolf, & Davis, 1985), and infant distress and signaling during night
wakings represent a common parental concern voiced to pediatricians (Rosen, 1997). A growing
body of research indicates that parenting quality and parental strategies used during the transition
to sleep have important influences on quality of infant nighttime sleep. Furthermore,
transactional models of infant sleep suggest that infant sleep quality may influence parents'
behavior at bedtime (Sadeh, 2007; Sadeh & Anders, 1993). However, to our knowledge only one
study to-date, fully cross-sectional, has simultaneously examined both parenting quality and
practices at bedtime (Teti, Kim, Mayer, & Countermine, 2010), and no study has addressed how
their interaction may predict infant sleep. Thus, the current study sought to build upon previous
work by incorporating observational measures to study how parenting quality and specific
practices at bedtime may uniquely and interactively encourage consolidated infant nighttime
sleep across the first six months of life, and further, how infant sleep quality may also influence
parenting behaviors and quality.
Infant sleep and developmental outcomes
During the first six months of life, sleep patterns undergo dramatic changes. Generally
newborn infants do not have a pattern to their sleep and it is equally distributed across both day
and night with frequent awakenings for feedings (Davis, Parker, & Montgomery, 2004). Within
three months, most children shift to sleeping more during the night than day (Sheldon, 2002). By
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six months most infants begin to show consolidated nighttime sleep, which is defined by a
reduction in the length and frequency of night wakings as well as the ability to sleep from
bedtime to morning awakening without requiring parental intervention (Galland, Taylor, Elder, &
Herbison, 2012; Henderson, France, Owens, & Blampied, 2010). In many cases, these infants are
not actually in a sleep state throughout the entire nighttime, however. They are said to have
developed self-regulated sleep, which is the ability to fall back asleep on their own without
calling to their parents (Anders, Halpern, & Hua, 1992; Henderson et al., 2010; Minde et al.,
1993; Keener, Zeanah, & Anders, 1988). Ability to soothe oneself back to sleep in infancy has
also been linked to other aspects of temperament related to self-regulation, such as greater
rhythmicity (Keener et al., 1990). Although many infants establish these sleep patterns, there is
substantial individual variability (Galland et al., 2012) and between one quarter to one third of
parents report that their infants have problems falling or staying asleep at night (Mindell, Kuhn,
Lewin, Meltzer, & Sadeh, 2006).
Sleep quality is important for study because it has been found to be a critical predictor of
developmental outcomes in early childhood (Jenni & Dahl, 2008). Sleep promotes neural
development in addition to facilitating an alert daytime state that allows for learning (Sadeh,
2007). Although work examining the link between sleep quality and cognition in infancy is
limited, this research has found better quality of sleep to be concurrently associated with higher
scores on the mental development portion of the Bayley Scales at 10 months (Scher, 2005), and
longitudinally predictive of executive functioning in toddlerhood (Bernier, Carlson, Bordeleau, &
Carrier, 2010) and early childhood (Bernier, Beauchamp, Bouvette-Turcot, Carlson, & Carrier,
2013). Children with poorer quality sleep in infancy have been found to be at increased risk for
language delays at 5 years (Dionne et al., 2011). Additionally, previous work has shown that
poorer sleep in early childhood is associated with internalizing (Troxel, Trentacosta, Forbes, &
Campbell, 2013) and externalizing behavior problems (Lavigne et al., 1999; Scharf, Demmer,
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Silver, & Stein, 2013). Poorer sleep quality in infancy is predictive of attention problems in early
childhood and adolescence (O’Callaghan et al., 2010), and anxious/depressed behavior at 5 years
(Sheridan et al., 2013). Together, this work highlights the importance of infant sleep quality in
laying a foundation for cognitive and behavioral development in early childhood.
Assessment of infant sleep
Quality of infant sleep can be measured via a variety of methods, including parental
report, videosomnography, actigraphy, and polysomnography. Parental report measures include
daily sleep diaries, in which parents recall the amount of times the infant woke up during the
night and for how long (e.g., Burnham, Goodlin-Jones, Gaylor, & Anders, 2002), as well as
general questionnaire measures that ask parents the degree to which they consider their infant's
night wakings to be a problem or the amount of nights the infant wakes up during an typical week
(e.g., Goldberg & Keller, 2007). Videosomnography involves trained raters observing infant
wake-state during the night via video recording. Actigraphy is a measure of infant wake-state in
which infants wear an accelerometer on their ankle that assesses degree of movement. An
algorithm is used to determine waking or sleeping state based on the amount of movement the
accelerometer detects. Polysomnography assesses more specific infant sleep states using
assessments of brain activity, heart and breathing rate, and movement. Videosomnography,
which was utilized in the current study, has some advantages when compared to the other
methods (Anders & Sostek, 1976). It is more objective than parental report, which relies on
parental recollection of infant night wakings as well as parental interpretation of infant state. It
places less burden on infants and parents than polysomnography, because the families may
remain in their homes and no equipment needs to be attached to the baby. It also may have
greater specificity than actigraph recordings because the observer uses cues such as infant eye
opening and vocalizations in addition to movement to determine state (Sitnick, Goodlin-Jones, &
Anders, 2008). Furthermore, coders can separate the amount of time the infant spent distressed
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across the night from the time spent in a quiet, awake state. A variety of measures of infant sleep
quality have been derived using videosomnography. These include total sleep time, longest sleep
period, quiet sleep, active sleep, number of awakenings, and wakefulness (Anders & Keener,
1985; Anders, Keener, & Kraemer, H.,1985; Anders & Sostek, 1976; Burnham, Goodlin-Jones,
Gaylor, & Anders, 2002; Goodlin-Jones, Burnham, Gaylor, & Anders, 2001; Henderson et al.,
2010).
Parenting practices at bedtime and infant sleep
Parents play an important role in helping their children to develop healthy sleeping
patterns. Previous work examining parenting at infant bedtime has largely focused on specific
practices that parents use to help prepare their children for sleep. Generally, this work has found
that greater parental presence when the infant is first falling asleep for the night predicts more
frequent infant night waking (Adair, Bauchner, Philipp, Levenson, & Zuckerman, 1991; Cronin,
Halligan, & Murray, 2008; Morrell & Cortina-Borja, 2002; Scher & Blumberg, 1999; Sheridan et
al., 2013; Wolke, Meyer, Ohrt, & Riegel, 1995). In particular, longer time spent in contact with
the infant, such as for nursing or co-sleeping, has been associated with more frequent and longer
night wakings (Burnham, Goodlin-Jones, Gaylor, & Anders; 2002; Mao, Burnham, GoodlinJones, Gaylor, & Anders, 2004). Longer time spent nursing has also been linked to mothers'
returning to the infant more times before the infant fell asleep at bedtime (Teti et al., 2010).
Theory suggests that when infants consistently fall asleep with their parents present, they may not
learn how to settle to sleep on their own (Adair et al., 1991; Cronin, Halligan, & Murray, 2008).
Thus, these infants may become reliant on parental intervention upon waking during the night.
Nursing may also be linked to more frequent infant night waking because breastmilk is
digested more quickly than formula. Breastfed infants, therefore, may wake up more often in part
because they become hungry more often (Sadeh et al., 2010). As they become accustomed to
maternal presence during the night over time, however, they may require breastfeeding to help
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them return to sleep rather than for a physiological need for food (DeLeon & Karreker, 2007;
Touchette et al., 2005).
In the current study, feeding and close contact with the infant at bedtime were examined
in association with infant nighttime sleep quality, in addition to a category of parenting practices
that we have labeled as arousing activities. As we began observing the video recordings of infant
bedtime, we found that parents sometimes engaged in activities with their infants that could
elevate their arousal level at bedtime, such as tickling or spinning the infant around. We sought
to examine whether these types of activities lead to increased infant wakefulness as well.
Research demonstrating that premature infants placed in a less stimulating nursery environment
slept for longer periods of time than infants in the typical nursery environment (Fajardo,
Browning, Fisher, & Patton, 1990) supports our contention that more arousing activities at
bedtime may be associated with poorer sleep quality, though to our knowledge previous work has
not studied specific parental practices at bedtime that may be arousing or stimulating to the infant.
In addition to studying concurrent relations between parenting practices and infant sleep,
we also examined how parenting predicted change in infant sleep quality over time, as well as
how within-person variation in a mother's practices was linked to her infant's sleep. Studying the
within-person relationship meant investigating whether infants tended to sleep better on nights
when their mothers used less close contact, feeding, and arousing activities at bedtime. To our
knowledge, this is the first study to examine how observational measures of parenting predicted
change in infant sleep and to test how variation within a mother's parenting is linked to quality of
infant sleep.
Parenting quality at bedtime and infant sleep
In contrast to the parenting practices work, little research has focused on how parenting
quality may predict infant sleep quality. Work examining the association between maternal
sensitivity during free play and infant sleep has been mixed, with some studies finding a
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significant association (Priddis, 2009) and others not (Scher, 2001). Additionally, a recent crosssectional study found that more emotionally available parenting at bedtime predicted fewer
mother-reported infant night wakings (Teti et al., 2010). Parental sensitivity at bedtime in
particular may be critical for helping infants prepare for nighttime sleep. Because infants are
tired at bedtime, they may require more parental assistance in regulating their arousal and
emotions. Furthermore, as argued by Teti et al. (2010), falling asleep requires trust in the safety
of the environment. Thus, by using comforting and soothing routines at bedtime, mothers may
promote higher quality nighttime sleep in their infants. This study seeks to further develop this
idea by examining parenting quality at bedtime longitudinally, and in concert with parenting
practices. Furthermore, as with parenting practices, within-person variation in parenting quality
was examined in association with infant sleep in order to test whether infants tended to sleep
better on nights when parenting quality at bedtime was higher.
The current study examined parenting quality at bedtime via maternal emotional
availability (EA). The construct of EA incorporates measures of maternal sensitivity, structuring,
nonhostility, and nonintrusiveness in order to assess overall quality of emotional attunement and
communication with the child (Biringen, 2000). In previous work, higher maternal EA has been
found to be predictive of infant attachment security (Ziv, Aviezer, Gini, Sagi, & Koren-Karie,
2000), and it has been shown to be a reliable, valid measure of the quality of the parent-child
relationship across numerous studies (Biringen, Derscheid, Vliegen, Closson, & Easterbrooks,
2014). With its emphasis on the emotional quality of the interaction, maternal EA may be
particularly relevant to the bedtime context, which can be a potentially stressful and negative
emotion-eliciting situation for infants.
Interactive influences of parenting quality and practices on infant development
The work reviewed above highlights that research examining parenting quality and
practices generally has not been integrated. However, theoretical and empirical support exists for
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examining their interactive influences on child development. Darling and Steinberg (1993)
argued that the emotional quality of a parent’s interactions with their child moderates the
influence of specific practices on developmental outcomes. Thus, in the context of a responsive,
loving relationship with their child, a parent’s practices may be more effective. Although few
studies have tested this theoretical framework, prior work with older children has found that
mothers’ use of power assertive discipline techniques is linked to greater child competence when
mothers are more emotionally supportive to their children (Towe-Goodman & Teti, 2008) and to
poorer outcomes in the context of lower maternal emotional support (McLoyd & Smith, 2002;
Towe-Goodman & Teti, 2008). Children may be more likely to interpret this type of discipline as
rejection in the context of a less supportive relationship (Towe-Goodman & Teti, 2008), whereas
power assertive techniques in the context of a loving, responsive relationship may serve to
capture the child’s attention to the parent’s socialization message (Hoffman, 1982). These studies
demonstrate that the emotional quality of parents’ interactions with their children may have an
important influence on the effectiveness of specific practices they use.
Applying this framework to infant bedtime, we suggest that reduced close contact and
feeding at bedtime may better guide the infant to sleep when accompanied by soothing, sensitive
parental responses to infant cues. In the absence of parental sensitive responsiveness, infants may
be more distressed by parental termination of contact at bedtime. On the other hand, more
arousing activities may exacerbate infant difficulty falling asleep when coupled with less
sensitive parental responses to infant signals at bedtime.
Infant sleep predicting parenting
Although most research has focused on parenting as a predictor of infant sleep,
transactional models of infant sleep development suggest that poorer infant sleep may predict
parenting behaviors that perpetuate more frequent infant waking (Sadeh, 2007; Sadeh & Anders,
1993). Infants who have trouble sleeping may elicit more parental presence and intervention
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during bedtime and nighttime, which is thought to preclude the ability to develop self-regulated
sleep. This association may be due in part to parental difficulty setting limits with the infant at
bedtime (Sadeh, Flint-Ofir, Tirosh, & Tikotzky, 2007). Furthermore, frequent infant night
waking can lead to sleep disruption that places parents at risk for increased distress and poorer
parenting quality. For example, more frequent infant night waking is predictive of higher
maternal depressive symptoms, and this association is likely attributable to by mother’s sleep loss
(Bayer et al., 2007; Meltzer & Mindell, 2007; Scott & Richards, 1990). The parenting of mothers
who are depressed, in turn, has been shown to be characterized by flat affect, intrusiveness, low
contingent responsivity, and inattentiveness (Gelfand & Teti, 1990). Further supporting these
findings, more time spent napping during the day in infancy has been shown to be predictive of
higher maternal sensitivity during play (Schwichtenberg, Anders, Vollbrecht, & Poehlmann,
2011) and sleep problems have been found to predict lower maternal sensitivity in a sample of
older children (Bell & Belsky, 2008). In the current study, infant sleep was examined as a
predictor of maternal close contact, feeding, and emotional availability at bedtime.
Current study
The current study examined how parenting practices and quality at bedtime were
associated with infant sleep quality across the first 6 months of life. This study adds to the
existing literature in several ways. First, parenting and infant sleep quality were assessed via
behavioral coding of video recordings, rather than parental report. Additionally, parenting and
infant sleep quality were studied longitudinally, which allows for examination of both how
parenting may predict infant sleep quality over time and how infant sleep quality may predict
parenting. This also allowed for study of within-person associations between variation in
parenting and infant sleep. In addition, we incorporated a measure of arousing activities at
bedtime, which has not been studied previously. Finally, this study analyzed the interactive
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influences of parenting practices and quality on infant sleep quality. To our knowledge, previous
work has not studied these associations.
Hypotheses
The following hypotheses were proposed:
Hypothesis 1a: Higher maternal emotional availability (EA) at bedtime will be
associated with less infant distress and more sleep across the night.
Hypothesis 1b: Higher maternal EA at bedtime will be associated with a decrease in
nighttime distress and increase in sleep over time and will predict less distress and more sleep at
later time points.
Hypothesis 2a: Less maternal feeding, close contact, and arousing activities at bedtime
will be associated with less infant nighttime distress and more sleep.
Hypothesis 2b: Less maternal feeding, close contact, and arousing activities at bedtime
will be associated with a decrease in infant nighttime distress and increase in sleep over time and
will predict less distress and more sleep at later time points.
Hypothesis 3a: The combination of higher maternal EA and less feeding, close contact,
or arousing activities at bedtime will be associated with the least infant nighttime distress and
most sleep. The combination of lower EA and more feeding, close contact, or arousing activities
will be associated with the most nighttime distress and least sleep.
Hypothesis 3b: The combination of higher maternal EA and less feeding, close contact,
or arousing activities at bedtime will be associated with the greatest decrease in infant nighttime
distress and greatest increase in infant sleep over time and will predict less distress and more
sleep at later time points. The combination of lower EA and more feeding, close contact, or
arousing activities will be associated with the smallest decrease in nighttime distress and smallest
increase in sleep over time and will predict more distress and less sleep at later time points.
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Hypothesis 4: Less infant nighttime distress and more sleep will predict higher maternal
EA at bedtime at later time points.
Hypothesis 5: Less infant nighttime distress and more sleep will predict less maternal
feeding and close contact at bedtime at later time points. There is no theory suggesting that
poorer infant sleep quality would predict more arousing activities at bedtime, so this association
was not tested.
Methods
Participants
Participants were part of Project SIESTA, a longitudinal study of parenting, infant sleep,
and infant development (NIH R01HD052809). Mothers were recruited from local hospitals
following their birth of their infants. Parents provided informed consent at the first home visit
when infants were 1 month old.
One hundred sixty seven infants (47% male) and their parents participated in the study
when they were 1 month old. Infants were firstborns in 37% of the families. Eighty-one percent
of mothers were married and living with their infant’s father. Mothers’ average age was 29.4
years old (SD = 5.3), and they ranged in age from 18 to 43 years old. Eighty-four percent of
mothers were White, 4% were Asian-American, 3% were African-American, 5% were Latino,
and 4% identified themselves as “Other.” Eighty-seven percent of mothers completed some postsecondary education, and 62% were employed outside the home. Median yearly family income
was $65,000 (SD = $47,000) and ranged from $9,500 to $300,000.
Due to the intensiveness of the parenting practices and infant sleep quality coding, a subsample of 116 families from the original sample was selected for coding. Of these families, 7 did
not provide scorable data for maternal EA at any of the time points. This resulted in a final
sample of 109 mothers and infants who had data for at least one time point on all study variables
and therefore could be included in the analyses predicting infant sleep quality from the parenting
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variables. The sub-sample did not significantly differ from the original sample with regard to any
of the demographic variables. A larger sample of 128 families was available for the analyses
predicting maternal EA from the infant sleep quality variables, because the predictive
associations between infant sleep quality and later parenting practices were tested separately.
This sample also did not differ from the original sample.
Videos
Video collection
At each time point project staff set up video equipment in the families’ homes for one
night in order to capture parent-infant interactions at bedtime and nighttime. Cameras were
placed in locations where the infant was taken to prepare for bed, where the infant slept, and
where the infant was taken upon awakening at night. Up to four cameras could be set up in the
home. For specific details regarding the video equipment and camera locations, please see Kim
& Teti (2014). Three separate coding teams then scored bedtime parenting practices, bedtime
maternal EA, and nighttime infant state and sleeping arrangements.
Maternal emotional availability coding
Maternal emotional availability during infant bedtime was coded using the Emotional
Availability Scales (EAS; Biringen Robinson, & Emde, 1998). This system consists of four
scales (sensitivity, structuring, nonintrusiveness, nonhostility) that are intended to capture the
emotional quality of parental interactions with the child. Two additional scales assessing
children’s emotional availability to the parent were not scored in this study because of the very
young age of the infants.
Coders began scoring maternal EA once mothers and infants appeared on camera, and
concluded following 5 consecutive minutes of infant sleep. EA is more often coded in parentinfant play contexts; thus, EA in this study was scored using the adaptations to the bedtime
context described by Teti et al. (2010). Briefly, sensitivity was defined as awareness, accurate
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interpretation, and appropriate response to infant signals. Higher structuring was scored when
mothers used soothing routines that helped guide the infant to sleep. Nonintrusiveness was
described as speaking quietly in the infant’s presence and reducing initiation of interaction with
the infant as s/he came closer to sleep. Nonhostility was defined by an absence of irritability and
anger toward the infant.
Interrater reliability was established between two coders using 25 tapes. Intraclass
correlations (ICC’s) for maternal sensitivity, structuring, nonintrusiveness, and nonhostility
ranged from .70-.99. A composite maternal EA score was created by converting the scores for
each of the four dimensions to z scores, then taking the mean for the converted scores across the
standardized dimensions. The ICC for composite EA ranged from .98-.99.
Bedtime parenting practices coding
Specific practices that mothers used with their infants at bedtime were scored for
presence/absence for each 30 seconds of the bedtime video. Specifically, coders marked whether
the parent fed the infant (breast or bottle), held the infant in close contact, or engaged in an
arousing activity with the infant. Close contact was defined as the mother holding or cuddling the
infant on her chest. Arousing activities were defined as interactions with the infant that increased
his/her arousal level, such as tickling or physical stimulation (e.g., twirling the infant around).
Any maternal activities that awakened the infant as s/he was falling asleep were scored as
arousing. Summary codes reflecting the number of 30 second intervals mothers spent engaging
in these practices were totaled from the scoring sheets for analysis. Coders began scoring videos
once the infant appeared on screen, and concluded when the infant was asleep for 5 consecutive
minutes.
Interrater reliability was established between 4 coders. Each coder was required to code
at least 15 reliability tapes and achieve an ICC above .70 for every code before they could code
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tapes on their own. Average ICC’s for breastfeeding, bottle feeding, close contact, and arousing
activities were .99, 1.00, .97, and .89, respectively.
Nighttime infant sleep quality coding
Infant state as well as whether the infant was co-sleeping with a parent were scored for
each 30 seconds of the nighttime video. In the current study, the infant states of distress and
asleep were examined. Distress was defined by infant fussing or crying. Specifically, coders
looked for increased vocalization volume, wailing, and/or sobbing. Infants were scored as asleep
when their eyes were closed and they were not making any gross motor movements. Co-sleeping
was scored when infants were sleeping on the same surface as a parent. This measure was
included because co-sleeping has associated with more infant nighttime awakenings (Mao et al.,
2004). Summary codes representing the total number of intervals spent distressed, asleep, and
co-sleeping were created from this coding. Coders started coding from the end of bedtime and
finished when infants were up and out of bed the following morning.
Infant nighttime sleep quality coding was an intensive process that required between 5-10
hours per video, in addition to substantial time training on the coding scheme. Thus, there were
over 30 coders for this project. Each coder was required to code at least 8 reliability tapes and
achieve an ICC above .70 for every code before they could code tapes on their own. Average
ICC's for infant distress, infant sleep, and co-sleeping were .82, .93, and 1.0, respectively.
Questionnaires
Maternal depression
At each time point mothers completed the Symptom Checklist-90-Revised, which
assesses depressive symptomology and has well-established reliability and validity (SCL-90-R;
Derogatis, 1994). Maternal depressive symptoms were considered as a potential covariate in all
analyses as they have been linked to poorer infant sleep (Bayer et al., 2007; Teti & Crosby, 2012;
Warren et al., 2006) as well as lower quality parenting behaviors (Gelfand & Teti, 1990). The
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questionnaire consists of 13 items that ask mothers to respond to questions regarding their
symptoms within the past two weeks. Examples of items include "feeling hopeless about the
future" and "feelings of worthlessness." Participants respond on a 5-point Likert-type scale, with
0 signifying "not at all" and 4 representing "extremely." A summary score was created by
summing mothers' responses across the items.
Maternal Sleep Quality
Actigraphy
Information regarding mothers' sleep was also considered as a potential covariate in the
analyses predicting maternal parenting in order to test for any influence of poor sleep on
parenting. In addition to increasing risk for depressive symptoms (Bayer et al., 2007; Meltzer &
Mindell, 2007; Scott & Richards, 1990), poorer sleep quality may influence mothers' ability to be
sensitive to their infants. Sleep quality was assessed across 7 days at each time point using MiniMitter Actigraphy wristwatches (Model AW-64). Actigraph watches contain an accelerometer
that measures activity level and the accompanying software uses an algorithm to determine an
individual's sleep and wake states from the accelerometer data. Actigraphy has been shown to be
a valid measure of adult sleeping state (Ancoli-Israel et al., 2003). Specifically in the current
study we examined the percent of time mothers spent asleep at night between sleep onset and
wake time as well as their sleep fragmentation index as potential predictors of bedtime parenting.
The sleep fragmentation index is produced by an algorithm that takes into account the individual's
activity level during sleep as well as how frequently sleep activity was interrupted by bouts of
activity.
Results
Preliminary analyses
In order to control for variation in bedtime and nighttime length across families, the
summary codes for the bedtime parenting practices and nighttime infant sleep quality variables
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were divided by the total number of intervals coded. Descriptive information for bedtime and
nighttime length and the parenting practices and infant sleep quality variables is provided in
Table 1-1. A composite maternal EA score was created by standardizing the scores across the
four dimensions and taking the mean. Generally, maternal EA and the parenting practices
variables were not correlated, with two exceptions. Higher maternal EA at 3 months was
moderately correlated with fewer arousing activities, r =- .25, p < .05, and higher EA at 6 months
was moderately correlated with more close contact, r = .36, p < .05. Mean age across all
individuals at all time points was 3.41 months. Age was grand mean centered and the centered
age variable was used in all analyses. All predictors and covariates were also grand mean
centered prior to analysis.
Table 1-1. Descriptive information for bedtime and nighttime length and main study variables

1
month
Mean
SD
3
months
Mean
SD
6
months
Mean
SD

Bedtime
Length
(hr:min)

Nighttime
Length
(hr:min)

Close
Contact
(hr:min)

Arousing
Acts
(hr:min)

Nursing
(hr:min)

Bottle
Feeding
(hr:min)

Infant
Distress
(hr:min)

Infant
Sleep
(hr:min)

1:01
0:44

9:09
1:46

00:25
00:24

00:01
00:03

00:10
00:14

00:03
00:06

00:13
00:13

6:41
1:40

00:49
00:35

9:38
1:37

00:18
00:22

00:01
00:04

00:09
00:14

00:02
00:05

00:07
00:10

8:04
1:44

00:36
00:30

10:22
1:28

00:14
00:14

0:01
0:02

00:06
00:11

00:02
00:04

00:07
00:08

9:09
1:42

Primary analyses
All analyses were run in SAS 9.4 using Proc Mixed. Two-level models were run. One
set of models predicted infant nighttime distress and infant sleep from parenting variables and
included time at level 1 and mother at level 2. These models were set up as direct tests of
Hypotheses 1a through 3b. A second set of models predicted maternal EA and parenting
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practices from infant variables and included time at level 1 and infant at level 2. These models
were set up to test Hypotheses 4 and 5. All analyses used maximum likelihood estimation to
account for missing data in the dependent variables. Twenty five percent of the sample was
missing nighttime sleep data for at least one time point because there was not sufficient data to
score. However, 88% of the sample had sleep quality data for at least two time points. Sixty-six
mothers were also missing parenting data for at least one time point because there was not
sufficient data for coding at bedtime. Sixty percent of the sample had parenting data for at least
two time points. Families with missing data on these dependent variables did not differ from the
larger sample on any of the characteristics assessed.
Models predicting infant nighttime distress and infant sleep quality from parenting variables
The nested nature of the data required that we separate within-person associations from
between-person associations. Estimates of within-person associations indicated how deviations
in mothers' parenting from their averaged score collapsed across time were associated with their
infant's sleep quality (for example, whether an infant's sleep quality tended to be higher at time
points when their mother's EA was higher than their average). Estimates of between-person
associations represented how the parenting variables were associated with infant sleep quality on
average across the 3 time points (for example, whether infants of mothers who were on average
more emotionally available tended to sleep better on average). In order to separate these
associations, person mean variables were first created for maternal EA and parenting practices by
calculating the mean for each mother for each variable, averaged across the 3 time points. These
variables represented the between-person associations. Person mean centered variables were then
creating by subtracting the mean for each mother from her raw values for maternal EA and
parenting practices at each of the 3 time points. These person mean centered variables represented
the within-person associations. Both the within and between-person EA and parenting practices
estimates tested how maternal parenting at bedtime was concurrently associated with infant sleep
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quality (Hypotheses 1a & 2a). Interaction terms multiplying each maternal EA and parenting
practices person mean variable by infant age were also created in order to examine how parenting
quality and practices were associated with change in infant sleep quality over time (Hypotheses
1b & 2b). Lagged variables were then created from the person mean centered practices and
maternal EA variables in order to test whether parenting predicted infant sleep quality at the
following time point (Hypotheses 1b & 2b). The lagged variables were created using the LAG
function in the data step in SAS and represented how the person mean centered parenting
variables were associated with infant nighttime distress and sleep at the following time point.
Interaction terms multiplying the maternal EA person mean centered and person mean variables
by the person mean centered and person mean parenting practices variables respectively were
created next in order to test whether maternal EA moderated the influence of parenting practices
on infant sleep quality (Hypothesis 3a). Finally, the interaction terms multiplying maternal EA
person mean variables by the parenting practices person mean variables were multiplied by infant
age in order to test whether maternal EA moderated the influence of parenting practices on infant
sleep quality over time (Hypothesis 3b). The lagged maternal EA and lagged parenting practices
variables were also multiplied in order to examine whether their combination predicted later
infant sleep quality. Lastly, because co-sleeping and maternal depression have been associated
with more frequent infant night wakings , we entered between-person and within-person effects
for the percent of nighttime spent co-sleeping variable (M = .15, SD = .30) and depressive
symptoms variable (M = 7.05, SD = 7.16) into the models predicting infant sleep and distress.
We also tested whether these covariates predicted change in infant sleep or distress over time by
multiplying them by infant age.
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The equations for the model predicting infant distress are depicted below:
Level 1:

The level 1 equation represents that distress for an infant at age a is a function of the
intercept specific to each infant i as well as slopes representing linear and quadratic change in
distress with age and person mean centered maternal EA and parenting practices variables,
interactions between each of the practices variables and maternal EA, lagged EA and parenting
practices variables, interactions between the lagged EA and lagged parenting practices variables,
co-sleeping, maternal depressive symptoms, and a residual.
Level 2:
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The level 2 equations allowed the estimates of the intercept and slopes for linear and
quadratic change with age to vary as a function of the person mean predictors. Between person
variation in the intercept is a function of the overall intercept, person mean variables for maternal
EA and the parenting practices variables, interactions between maternal EA and parenting
practices, co-sleeping, maternal depressive symptoms, and a residual specific to each infant.
Between-person variation in the linear and quadratic slopes for sleep are a function of the overall
slope, person mean variables for maternal EA and the parenting practices variables, interactions
between maternal EA and parenting practices, co-sleeping, maternal depressive symptoms, and a
residual specific to each infant. The equations for the model predicting infant sleep were
identical.
The first model predicted the percent of the night the infant spent distressed. An empty
model was tested first in order to examine the percent of the variance in infant nighttime distress
accounted for by each level of analysis. Intraclass correlations indicated that a small portion of
the variance was attributable to between-person factors (17%), but that the majority (83%) was
due to within-person factors. An unconditional model testing linear and quadratic change in
distress was tested next. The age variable was entered into the model to examine linear change in
distress, and the age variable squared represented quadratic change. The results indicated that
nighttime distress tended to decrease with age, B = -.003, p < .0001. For each 1 month increase
in infant age, distress declined by 35%, about 2 minutes for the average infant in our sample. The
quadratic component was also significant, B = .001, p < .001, and suggested that across the
sample there was a decline in infant distress from 1 to 3 months with a small uptick from 3 to 6
months. The slopes for every individual in the sample are represented graphically in Figure 1-1.
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Figure 1-1. Intraindividual slopes for infant nighttime distress across age in months.
Next, a conditional model including the parenting variables was fit to the data. As in the
unconditional model, there was evidence of both linear and quadratic change in infant distress
over time, B =- .003, p < .0001 and B = .001, p < .0001, respectively. At time points when
infants co-slept with a parent more than their average, there was a trend for them to be less
distressed, B = -.011, p = .06. This meant that each hour more of co-sleeping than a family's
average was linked to about 1 minute less distress. In other words, co-sleeping across whole
night was associated with reducing infant nighttime distress to 0. Additionally, there was a trend
for infants of mothers who were more emotionally available on average to be less distressed on
average, B = -.005, p = .08. This suggested that each standard deviation above average maternal
EA was equal to a reduction in infant distress by 60%, about 3 minutes. Additionally, at time
points when mothers were more emotionally available than their average, infants were less
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distressed, B = -.008, p < .01, indicating that at time points when mothers' EA was one standard
deviation higher than their average, infant distress was lower by 70%, about 4 minutes. Close
contact, arousing activities, nursing, bottle-feeding, and maternal depressive symptoms were not
associated with infant distress. The lagged variables were also not significant. Therefore, these
variables were not included in the final model.
The results provided some evidence suggesting that maternal EA moderated the influence
of maternal parenting practices on change in infant distress over time. There was an interaction
between nursing and quadratic change over time, B = .003, p = .059, but it was qualified by an
interaction between maternal EA, nursing, and quadratic change over time, B = -.005, p =
.057(Figure 1-2). The interaction with quadratic change demonstrated that regardless of amount
of nursing at bedtime, infants of more emotionally available mothers showed a decline in
nighttime distress from 1 to 3 months with a small uptick at 6 months. However, infants of less
emotionally available mothers who nursed more at bedtime showed the highest levels of distress
over time. They showed a similar quadratic pattern to the infants of more emotionally available
mothers though, with a decline in nighttime distress from 1 to 3 months and an increase from 3 to
6 months. Infants of less emotionally available mothers who nursed less at bedtime showed
higher levels of distress but a linear decline with age. There were no other significant interactions
and non-significant terms were removed from the model.
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Figure 1-2. Interaction between nursing, maternal EA, and infant age predicting change in
nighttime distress over time.
Lastly we tested whether there was significant variability across the sample in the withinperson associations relating infant age and the person mean centered parenting practices and
maternal EA variables to infant distress. The likelihood ratio test comparing the fit of the models
with and without the random components for these variables indicated that there was significant
variation in the within-person association between maternal EA and infant distress across the
sample, (χ² (2, N = 109) = 24.7, p < .01). This meant that there was significant variability
between mothers in how deviations in their EA were associated with their infant's nighttime
distress. Therefore, we included the random effect for person mean centered maternal EA in the
final model. The final conditional model including terms for linear and quadratic change,
between- and within- person effects for co-sleeping, maternal EA, and nursing, the interaction
between maternal EA, nursing, and quadratic change and all lower order interactions, and the
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random effect for maternal EA showed better fit to the data than the unconditional model, (χ² (13,
N = 109) = 86.5, p < .01).Information for the conditional model is included in Table 1-2.

Table 1-2. Estimates for model predicting infant nighttime distress percentage
Estimate

S.E.

t (N =109)

.008
-.003
.001
-.005
-.005
-.006
-.011
-.008
.001
.011
.001
-.002
.005

.002
.000
.000
.004
.003
.009
.006
.002
.005
015
.001
.002
.003

5.04**
-7.01**
5.27**
-1.08
-1.84†
-.63
-1.92†
-3.24**
.15
.73
1.68
-.89
1.31

-.000
.003
-.005

.000
.001
.002

-.78
1.99*
-2.00*

.0001
.0001
.0001

.0000
.0000
.0000

3.65**
2.08*
5.03**

Fixed Effects
Intercept
Linear Change
Quadratic Change
Mean Co-sleeping
Mean Maternal EA
Mean Nursing
Deviations in Co-sleeping
Deviations in Maternal EA
Deviations in Nursing
Mean Maternal EA x Mean Nursing
Mean Maternal EA x Linear Change
Mean Nursing x Linear Change
Mean Maternal EA x Mean Nursing x
Linear Change
Mean Maternal EA x Quadratic Change
Mean Nursing x Quadratic Change
Mean Maternal EA x Mean Nursing x
Quadratic Change
Random Effects
Intercept
Deviations in Maternal EA
Residual
Notes: ** Significant at p .01
* Significant at p .05
†
Significant at p .10
The second model predicted the percent of nighttime the infant spent asleep. An empty
model was test first to examine how the variance in nighttime sleep was partitioned across levels
of analysis. Intraclass correlations demonstrated that only 2% of the variance was at the betweenperson level, with 98% at the within-person level. Next, an unconditional model examining how
infant sleep percentage tended to change across age was fit to the data. This model included
linear and quadratic terms for change over time. The age variable represented linear change in
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infant sleep, and the age variable squared represented quadratic change. Both terms were
significant, B = .039 , B = -.009, p’s < .001. The linear estimate indicated that infant sleep
tended to increase over time. With each month of age, infants slept about 3% more of the night,
about 23 minutes. However, the quadratic estimate indicated that amount of infant sleep tended
to increase sharply from 1 to 3 months and then level off. The slopes for each individual in the
sample over time are displayed graphically in Figure 1-3.

Figure 1-3. Intraindividual slopes for infant nighttime sleep across age in months.
Next, a conditional model was fit that included all of the parenting variables described
previously in order to test the study hypotheses. As in the unconditional model, the results
showed that infant sleep percentage tended to increase over time, B = .038 , p < .0001 and that
there was evidence of a quadratic pattern in the data, B = -.008, p < .01. There was also a trend
for infants who spent more time co-sleeping with a parent on average to sleep less, B = -.040, p =
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.10. Co-sleeping across the night was associated with a decrease of 4% in infant sleep, about 23
minutes. Each minute of arousing activities at bedtime was also associated with 4% less sleep,
about 23 minutes, B = -.188 p < .05. There was also a trend for infants who spent more time in
close contact with their mother at bedtime to sleep less, B = -.076, p = .07. Twenty minutes of
close contact at bedtime was associated with 16 fewer minute of sleep on average, a decrease of
3%. Additionally, at time points when mothers were more emotionally available, infants slept
more, B = .052, p < .01. Each standard deviation in EA a mother was above her average was
associated with a 6% increase in infant sleep, about 29 more minutes. However, at time points
when infants spent more time in close contact with their mother at bedtime there was a trend for
them to sleep less, B = -.070, p = .08. This meant that for each 20 minutes of close contact above
a mother's average at bedtime, infant nighttime sleep was reduced by about 18 minutes, a
decrease of 3%. Bottle-feeding, nursing, and maternal depressive symptoms were not
significantly assocaited with infant sleep. The lagged effects were also not significant.
Therefore, these terms were not included in the final model.
Several interactions were significant. Less close contact at bedtime on average predicted
more sleep for infants whose mothers were more emotionally available, but infants of less
emotionally available mothers slept less regardless of how much close contact they received, B =
-.099, p < .05 (Figure 1-4). Tests of simples slopes indicated that infants who spent less time in
close contact with their mother at bedtime slept 22 more minutes at night when their mother's
average EA was one standard deviation above the mean, B = -.144, p < .05.
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Figure 1-4. Interaction between close contact and maternal EA predicting average infant
nighttime sleep.
There was also some evidence that parenting at bedtime predicted change in infant sleep over
time. Infants whose mothers nursed them less on average at bedtime showed a steeper increase in
the percentage of nighttime they spent asleep over time than infants who nursed more, B = -.056,
p < .01 (Figure 1-5). Tests of simples slopes indicated that infants who were nursed less showed
an increase of 28 minutes in nighttime sleep with each month of age, B = .049, p < .001 . Infants
who were nursed more on the other hand, showed almost half of this increase in sleep per month,
about 16 minutes, B = .027 , p < .001.
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Figure 1-5. Interaction between nursing and infant age predicting change in infant nighttime
sleep over time.

There was also a significant interaction between maternal EA, arousing activities, and quadratic
change, B = .389, p = .05 (Figure 1-6). This interaction demonstrated that infants of mothers who
were more emotionally available and who used fewer arousing activities at bedtime tended to
show a steeper increase in nighttime sleep over time than other infants. There were no other
significant interactions and non-significant terms were removed from the model.
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Figure 1-6. Interaction between arousing activities, maternal EA, and infant age predicting
change in infant nighttime sleep over time.
Finally, we examined whether there was significant variability across the sample in the
within-person associations relating infant age and each of the person mean centered parenting
practices and maternal EA variables to infant sleep. Likelihood ratio tests comparing the fit of
the models with and without the random components for these variables indicated that there was
not significant variation in the within-person associations for these variables across the sample
and therefore none of them were included in the random statement. The final conditional model
including terms for linear and quadratic change, between- and within-person effects for maternal
EA, nursing, arousing activities, and close contact, the interaction between maternal EA and close
contact, the interaction between nursing and linear change, and the interaction between maternal
EA, arousing activities, and quadratic change as well as all lower order interactions showed better
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to the fit to the data than the unconditional model, (χ² (19, N = 109) = 40.6, p < .01). Information
for the conditional model is included in Table 1-3.
Table 1-3. Estimates for model predicting infant nighttime sleep percentage
Estimate

S.E.

t (N =109)

.854
.038
-.008
-.040
.017
-.188
.016
-.076
-.064
.052
.035
.002
-.070
-3.07
-.099
.004
-.436
-.056
-.556

.013
.004
.002
.031
.024
.853
.052
.043
.054
.017
.341
.054
.040
1.08
.052
.006
.324
.018
.370

65.07**
9.36**
-3.29**
-1.60†
.74
-.2.21*
.30
-1.79†
-1.17
3.01**
.10
.04
-1.76†
-2.85**
-1.93*
.60
-1.34
-3.06**
-1.50

-.002
.231
.389

.004
.159
.200

-.53
1.45
1.95*

.0019
.0090

.0011
.0012

1.70*
7.23**

Fixed Effects
Intercept
Linear Change
Quadratic Change
Mean Co-sleeping
Mean Maternal EA
Mean Arousing Activities
Mean Nursing
Mean Close Contact
Deviations in Co-sleeping
Deviations in Maternal EA
Deviations in Arousing Activities
Deviations in Nursing
Deviations in Close Contact
Mean Maternal EA x Mean Arousing Activities
Mean Maternal EA x Mean Close Contact
Mean Maternal EA x Linear Change
Mean Arousing Activities x Linear Change
Mean Nursing x Linear Change
Mean Maternal EA x Mean Arousing Activities x
Linear Change
Mean Maternal EA x Quadratic Change
Mean Arousing Activities x Quadratic Change
Mean Maternal EA x Mean Arousing Activities x
Quadratic Change
Random Effects
Intercept
Residual
Notes: ** Significant at p .01
* Significant at p .05
†
Significant at p .10

Models predicting parenting from infant nighttime distress and infant sleep quality
The next set of analyses examined whether the percent of nighttime the infant spent
distressed or asleep predicted later parenting practices and EA (Hypotheses 4 & 5). Person mean
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and person mean centered variables were created for infant nighttime distress and sleep. The
person mean centered variables were then lagged to test whether infant distress and infant sleep at
a given age point predicted later parenting (Hypotheses 4 & 5). We also created person mean and
person mean centered variables for mothers' average percent of sleep per night (M = 84.25, SD =
6.00), sleep fragmentation (M = 33.25, SD = 10.39), and depressive symptoms (M = 7.05, SD =
7.16) in order to examine these variables as potential covariates. Lack of sleep and depressive
symptoms both may compromise a mother's ability to be sensitive to her infant.
The equations for this model are depicted below:
Level 1:

The level 1 equation indicates that EA for a mother at infant age a is a function of the
intercept specific to each mother m as well as slopes representing person mean centered infant
distress, infant sleep, the maternal sleep quality variables, and maternal depression, lagged infant
distress and sleep, and a residual.
Level 2:

The level 2 equations allowed the estimates of the intercept to vary as a function of the
predictors. Between person variation in the intercept is a function of the overall intercept, person
mean variables for infant distress and sleep and the maternal sleep variables and depression, and a
residual specific to each mother.
The results indicated that neither infant distress nor sleep predicted the parenting
practices variables. However, there were significant effects for the model predicting maternal
EA. Intraclass correlations were first used to partition the variance in maternal EA accounted for
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by each level of analysis. Fifty-seven percent of the variance was accounted for at the betweenperson level, with 43% at the within-person level. This indicated that there was considerable
variability at both levels. Next, a conditional model including the covariates and the lagged,
within-person, and between-person effects for infant nighttime distress and sleep was fit. At time
points when maternal depressive symptoms were higher, there was a trend for mothers' EA to be
lower, B = -.023, p < .10, but mean depressive symptoms were not associated with EA. Higher
mean infant sleep was associated with higher maternal EA, B = 2.23, p < .05, but the person
mean centered and lagged variables for infant sleep were not significant. However, deviations in
infant distress predicted maternal EA at the following time point, B = -13.41, p < .01. Maternal
EA was lower by about .25 following time points when infants’ nighttime distress was 10
minutes higher than their average. The lagged effect remained significant when controlling for
the concurrent association between person mean centered nighttime distress, B = -16.23, p < .05
and mean nighttime distress, B = -15.66, p < .05. Mothers' sleep quality was not associated with
maternal EA and there was not included in the final model. Next we examined whether there was
significant variation in the within-person associations between the infant variables and maternal
EA that needed to be accounted for in the random statement. None of the variables were
significant when entered into the random statement, however. The fit of the conditional model
including within and between-person estimates for nighttime distress and sleep as well as lagged
nighttime distress and sleep variables was significantly better than that of an empty model, (χ² (8,
N = 128) = 28.9, p < .01). These results are compiled in Table 1-4.
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Table 1-4. Estimates for model predicting maternal EA
Estimate

S.E.

t (N =128)

-.018
-.013
-.023
2.23
.145
-.710
-15.65
-16.23
-13.41

.107
.011
.013
.93
.658
.526
6.37
6.17
3.96

-.17
-1.19
-1.72†
2.41*
.23
-1.35
-2.46*
-2.63*
-3.39**

.3195
.1964

.0676
.0381

4.72**
5.15**

Fixed Effects
Intercept
Mean Maternal Depression
Deviations in Maternal Depression
Mean Infant Sleep
Deviations in Infant Sleep
Lagged Infant Sleep
Mean Infant Distress
Deviations in Infant Distress
Lagged Infant Distress
Random Effects
Intercept
Residual
Notes: ** Significant at p .01
* Significant at p .05
†
Significant at p .10

In a post-hoc analysis, we also considered whether higher infant nighttime distress
predicted higher maternal depressive symptoms at the following time point. Previous work has
found more frequent infant night waking to be predictive of higher maternal depressive symptoms
(Bayer et al., 2007; Meltzer & Mindell, 2007; Scott & Richards, 1990), and the challenge of
caring for more difficult infants has also been linked to an increase in symptoms of depression
(Gross et al., 2009). Depression, in turn, has been found to be associated with lower quality
caregiving behaviors (Gelfand & Teti, 1990). However, we did not detect any predictive
associations between the lagged variables and symptoms of maternal depression in our study.
This suggests that the significant relation detected between infant nighttime distress and later
maternal EA in our study was not mediated by maternal depressive symptomology.
Discussion
Overall, these results suggest that both the quality of maternal interactions as well as the
activities mothers engage in with their infants at bedtime are associated with nighttime distress
and sleep in early infancy. Parenting quality also appears to moderate the effect of parenting
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practices on infant distress and sleep in the manner theorized by Darling & Steinberg (1993).
Furthermore, they provide evidence that parenting shapes the development of infant sleep quality
over time. However, the findings also suggest that infant nighttime distress affects later parenting
quality. These results have important implications for recommendations that are made to parents
for how to promote healthy sleep development in early infancy, and for understanding the role
that infant nighttime behavior may play in influencing parenting.
Maternal EA and infant nighttime distress and sleep
First, the results supported Hypothesis 1a, that higher maternal EA would be associated
with less infant distress and more sleep. At time points when mothers were more emotionally
available than their average, infants spent more of the nighttime asleep and less of it distressed.
To our knowledge, this is the first study to show a within-person association between maternal
care and infant sleep quality. Hypothesis 1b predicted that higher maternal EA would be
associated with improvement in infant sleep quality over time and would predict higher sleep
quality at the following time point. We did not find evidence of direct predictive effects of
maternal EA on infant distress or sleep, but there were interactive effects with parenting practices
that we will describe next. These results demonstrate that there is an association between
maternal EA and infant sleep patterning over time and therefore replicate and extend earlier
cross-sectional work identifying an association between EA and maternal report of infant sleep
quality (Teti et al., 2010). Maternal sensitivity and responsiveness in the bedtime context may
best promote a sense of security and comfort in the infant that allows for deeper and more restful
sleep and lessens the likelihood that the infant calls out to the parent in distress (Teti et al., 2010).
The results also suggest that parents may play an important role in buffering infant distress in the
first months of life when infants are most likely to show symptoms of colic (Barr, 1990).
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Parenting practices and infant nighttime distress and sleep
In Hypothesis 2a, we predicted that infants of mothers who engaged in less feeding, close
contact, and arousing activities at bedtime would show less nighttime distress and more sleep.
This hypothesis was partially supported. There were no direct associations between parenting
practices and infant nighttime distress, and three direct associations between parenting practices
and infant nighttime sleep. First, infants of mothers who used fewer arousing activities at
bedtime tended to spend more of the nighttime asleep. This was consistent with our expectation
that when mothers engage in more stimulating activities at bedtime, it may be more challenging
for infants to achieve a calm, restful state throughout the night. Because these arousing activities
generally involved close physical contact (e.g., getting very close to the infant’s face, spinning the
infant around), it is also possible that these infants became reliant on physical stimulation from
the parent to return to sleep. Similarly, we also found a trend for infants who spent more of
bedtime in close contact with their mothers to sleep less, supporting theory suggesting that when
infants spend more time before bed in close contact with their parents they become reliant upon
parental contact to return to sleep upon awakening at night. These infants may be awake longer,
therefore, because they have more difficulty self-soothing to sleep. This effect was also seen at
the within-person level, as there was a trend for infants to sleep less at time points when mothers
engaged in more close contact than their average at bedtime.
We found one longitudinal association between parenting practices and infant sleep,
supporting Hypothesis 2b, that less time engaged in close contact, feeding, or arousing activities
at bedtime would predict a decrease in infant distress and increase in sleep over time as well as
less distress and more sleep at the following time point. This finding showed that less time spent
nursing at bedtime on average was associated with more rapid improvement in infant sleep over
time. Similar to our finding of a trend-level association between close contact and infant sleep,
this result is consistent with theory suggesting that when infants spend more time in contact with
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parents, such as for feeding, they may begin to rely on parental contact to return to sleep.
Furthermore, this result is consistent with prior work showing that breast milk is digested more
quickly and therefore infants who are breastfed rather than bottle-fed may wake up more often to
eat as a result (Sadeh et al., 2010). There were no other direct associations between parenting
practices and infant distress or sleep over time . Although we were surprised not to detect more
direct associations, this may be because the emotional quality of mother-infant interaction was a
more critical determinant of how well the infant slept. Several interactive effects detected in our
study, which will we discuss next, support this premise.
Interactive effects on infant nighttime distress and sleep
Hypothesis 3a concerned interactive effects between parenting practices and quality
predicting infant nighttime distress and sleep. We expected that infants of mothers who were
more emotionally available and engaged in less feeding, close contact, or arousing activities at
bedtime on average would have the highest sleep quality, whereas infants of mothers who were
less emotionally available and engaged in more feeding, close contact, or arousing activities at
bedtime would have the lowest quality. We found support for the first part of this hypothesis via
two interactions. We found that less close contact at bedtime on average was associated with
more infant sleep when mothers were more emotionally available, whereas infants of less
emotionally available mothers slept less regardless of close contact. There was an identical
interaction between maternal EA and arousing activities, but it was qualified by a three-way
interaction with change over time that we will discuss in the next section. These findings support
previous work in two ways. First, they support earlier findings suggesting that less close contact
at bedtime is related to better infant sleep. Second, they support Darling and Steinberg's (1993)
theory that parenting practices are most effective in the context of a loving, responsive parentchild relationship. However, these two interactions did not support the idea that the combination
of lower EA and more feeding, close contact would predict the poorest infant sleep quality.
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Rather, lower maternal EA on its own was associated with less sleep and there was not an
addictive effect of arousing activities or close contact.
Hypothesis 3b concerned interactive influences between maternal EA and parenting
practices at bedtime predicting change in infant nighttime distress and sleep over time. We found
two significant interactions between parenting practices and developmental change in infant
distress and sleep, but no evidence of lagged effects. The first interaction supported the first part
of Hypothesis 3b, that the combination of higher maternal EA and less feeding, close contact, or
arousing activities at bedtime will be associated with greatest improvement in sleep quality over
time. Infants of mothers who were more emotionally available and used less arousing activities at
bedtime showed the steepest increase in the percent of nighttime spent asleep, as compared to
other infants. Thus, across the sample infants were mainly sleeping throughout the night at 6
months, but the infants whose mothers were more emotionally available and engaged in fewer
arousing activities reached this milestone earlier in development than the rest of the sample. The
other significant interaction provided support for the second part of Hypothesis 3b, that lower EA
in combination with more feeding, close contact, or arousing activities would predict the least
decline in infant distress over time. This interaction showed that infants of less emotionally
available mothers who nursed more at bedtime showed the highest levels of distress over time,
though they still showed a similar pattern to infants of more emotionally available mothers,
characterized by a decline in distress from 1 to 3 months and a slight uptick from 3 to 6. These
results support our earlier findings that higher EA is associated with better sleep quality and
further suggest that the combination of more nursing with lower EA is linked to more infant
nighttime distress. This may be because infants become used to nursing to fall back asleep and
therefore become distressed to elicit parental nighttime intervention, and also because infants of
less emotionally available mothers may not achieve the same level of comfort, safety, and
security for sleep as infants of more emotionally available mothers. It is interesting to note that
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across the sample infants tended to show a u-shaped pattern of nighttime distress with age. There
are multiple potential explanations for the slight increase from 3 to 6 months; some infants may
begin teething during this time period, and at 6 months the attachment system is beginning to
come on-line and may lead to increased infant awareness of and distress in response to parental
separation.
Influence of infant nighttime distress and sleep on parenting
We found evidence in support of Hypothesis 4, that infant nighttime distress and sleep
would predict parenting at the following time point. When infants were more distressed than
their average, mothers tended to be less emotionally available at the following time point. This
finding is in line with temperament research indicating that infants who are more difficult may be
challenging for parents to care for (Kiel & Buss, 2013; Kochanska & Kim, 2012; Lee & Bates,
1985; Rubin & Mills, 1990). Furthermore, it also suggests that mothers are sensitive to variations
in their own infant's distress. Infant sleep percentage across the night, however, did not predict
later maternal EA. It may be that nighttime distress is more salient to mothers than amount of
sleep alone because distress typically involves a parental response. Neither infant nighttime
distress nor sleep predicted parenting practices. Therefore, we did not find evidence supporting
an infant-driven model of parenting practices at bedtime.
Implications
Altogether, the results suggest that maternal parenting quality and practices at bedtime
are associated with infant nighttime distress and sleep. Understanding how parents may influence
the development of infant sleep patterns, as well as which infants may be at risk for lower
parenting quality, has important implications for promoting healthy behavioral and cognitive
outcomes in children. The findings could inform early intervention, as they suggest that infants
are sensitive to variation in their mother's care and that mothers are sensitive to variation in infant
distress. This suggests that infants would be responsive to positive changes in their mother's
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parenting behavior, and that teaching mothers ways to reduce infant nighttime distress may have
a compounding effect that benefits parenting even further over the long term. These results may
be taken to mean that particularly in the context of high parenting quality, reduction in amount of
bedtime spent nursing, engaging in arousing activities, and in close contact with the infant over
time may best predict trajectories of reduced nighttime infant distress and increased sleep. In
addition to promoting parental sensitivity and responsiveness to infants at bedtime, parental
interventions could encourage reduction of arousing, physically stimulating activities at all ages
within the bedtime context. However, it may be more difficult for parents to reduce feeding at
the earlier age points in particular because of high infant nutritional needs. Instead, infants may
benefit from feeding more earlier in the day or earlier within the bedtime routine such that
nursing directly to sleep is less likely, as well as a gradual reduction in amount of feeding at
bedtime with age. A focus on caregiving and quiet activities such as music rather than upon
feeding and close contact with the parent as the infant grows older may also prove useful.
Furthermore, the results support the use of observational methods of both parents and infants in
the bedtime and nighttime contexts and demonstrate that meaningful measures of parenting and
child regulation can be captured from one night of video. In particular, they highlight the
usefulness of studying arousing activities at bedtime as a predictor of infant sleep quality. To our
knowledge, this association has not been addressed in previous work. Our findings suggest that
infants of parents who engage in more arousing activities at bedtime sleep less of the nighttime.
Interestingly, use of arousing activities seemed to negate any benefit from higher maternal EA.
As noted earlier, this could be because these parents use more physical stimulation with their
infants that they become accustomed to and require to return to sleep upon awakening during the
night. The findings also indicate that while nursing has direct and indirect associations with
infant sleep quality, bottle-feeding generally is not related to infant sleep. This may be because in
our young sample infants tended to be nursed more often than bottle-fed, and as noted earlier
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because nursing has been shown to be related to more night wakings as a result of the digestibility
of breast milk.
Limitations and future directions
There are several limitations of our study that must be noted. First, the sample was
largely Caucasian Americans. Parenting practices and sleep arrangement choices are strongly
linked to culture and therefore it is likely that the results would be different across other cultural
groups. Further work examining these research areas in other groups is imperative for
determining the type of parenting that best supports infant sleep in the cultural context in which
the infant is growing up. Additionally, because paternal involvement at bedtime was limited at
this young infant age (less than 50 fathers were involved at bedtime at each time point), we
focused on mothers for the current study. However, it is likely that fathers' EA and practices also
influence infant sleep, and potentially in different ways from mothers. This will be an important
avenue for future research, particularly when children are older and fathers may be more
involved. In our study, it seemed that the mother's role in breastfeeding contributed to her
spending a much larger percentage of time with the infant at bedtime than the father, but as
mothers begin to wean their children the disparity in percentage of time spent with the infant may
decline.
In addition, in order to reduce the burden both on the families and on behavioral coders,
the parenting and infant sleep data were collected across one rather than multiple nights at each
time point. This may have limited our ability to detect causal linkages between parenting and
infant sleep, particularly with respect to lagged effects. Future work may benefit from data
collection across multiple nights at each age in order to better account for individual variability in
both parenting and sleep. Data collection across multiple nights would also allow for the
opportunity to study potential mediators of the associations between infant distress and parenting
the following day, such as parental sleep deprivation, mood, and affect. Studying these factors on
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a daily scale rather than across months may allow for a more precise examination of lagged
associations. Given that we were limited to one night at each time point, we feel that the findings
are fairly robust.
Finally, it is critical to note that a greater understanding of the healthiest sleep patterns in
early infancy is needed. Some research has suggested that SIDS risk is reduced when infants cosleep with their parents, in part because they wake up more frequently during the night and
therefore do not spend as much time in the deep sleep stages that may be linked to respiratory
distress (McKenna et al., 1994). Therefore, it may be developmentally appropriate for young
infants to wake up more frequently during the night. Furthermore, the benefits of nursing for
infants are largely recognized and perhaps even if there is a link to more frequent infant night
waking, that is a cost that is outweighed by the benefits. Further research linking trajectories of
child sleep with developmental outcomes will help to clarify this issue.
Conclusions
In conclusion, we believe that our results shed further light on how infant sleep quality
changes across the first 6 months of life. Maternal parenting quality, parenting practices, and
their interaction emerged as important predictors of trajectories of infant nighttime distress and
sleep across time, and infants were sensitive to variation within their mother's caregiving.
However, infant nighttime distress also predicted quality of maternal parenting quality. These
results highlight the complex interactions that take place between mothers and infants in the
development of infant sleep patterns and suggest avenues for future work examining how these
trajectories of nighttime distress and sleep are associated with later cognitive and behavioral
outcomes in childhood.
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Study II
Longitudinal Associations between Maternal Emotional Availability and Infant Cortisol
Levels and Patterning in the First Year
Introduction
A growing body of research implicates parenting quality as an important influence on the
development of child cortisol regulation. In early childhood, higher parenting quality has been
associated with lower basal cortisol levels (Belsky, Ruttle, Boyce, Armstrong, & Essex, 2015;
Murray, Haligan, Goodyer, & Herbert, 2010; Sturge-Apple, Davies, Martin, & Cicchetti, 2012),
reduced cortisol response to stress (Hane & Philbrook, 2012; Luijk et al., 2010; Spangler &
Grossman, 1993, Spangler & Schieche, 1998), faster cortisol recovery from stress (Albers,
Riksen-Walraven, Sweep, & de Weerth, 2008; Grant et al., 2009), and healthy diurnal patterning
(Fisher et al., 2007; Luijk et al., 2010; Philbrook et al., 2014). However, children who are more
distressed, as indicated by higher cortisol, may also elicit lower quality parenting. Prior work
showing that child emotional reactivity is predictive of less sensitive parenting (Crockenberg,
1981; Kiel & Buss, 2013; Kochanska & Kim, 2012; Lee & Bates, 1985; Rubin & Mills, 1990)
supports this contention. Rarely has prior research examined infant cortisol as a predictor of
parenting or used repeated measures of both parent and child factors to study how parenting and
infant cortisol influence one other over the first year of life. The current study aimed to address
this gap in the literature by examining how parenting quality and infant cortisol levels and
patterning were concurrently and longitudinally associated across repeated assessments in
infancy.
Associations between infant cortisol and adjustment
Cortisol is a hormone that is secreted as the final product of the HPA (hypothalamicpituitary-adrenal) axis. In typical individuals, daily cortisol secretion follows a diurnal rhythm
that is marked by a sharp increase upon awakening in the morning followed by a gradual decline
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across the day (Edwards, Clow, Evans, & Hucklebridge, 2001). Newborn daily cortisol secretion
is not characterized by a diurnal rhythm, but within the first few months of life most infants begin
to show their highest cortisol levels in the morning and lowest at night (de Weerth, Zijl, &
Buitelaar, 2003; Mantagos, Moustogiannis, & Vagenakis, 1998; Price, Close, & Fielding, 1983;
Santiago, Jorge, & Moreira, 1996). Across infancy and early childhood, cortisol levels have been
shown to be relatively stable (Goldberg et al., 2003; Hatzinger et al., 2013), though some studies
have found that cortisol levels tend to decrease over the first year of infancy (de Weerth & van
Geert, 2002; Gunnar et al., 1996; Lewis & Ramsay, 1995). This decline may be due to a
“hyporesponsive” period of HPA axis functioning that begins in the second half of the first year is
characterized by a lack of cortisol response to mild stressors (Gunnar & Donzella, 2002).
However, there are individual differences in the amount of cortisol secreted across the
day, the magnitude of cortisol increase following awakening in the morning, and the slope of
cortisol decline the day. In addition, experiences of stress may lead to increases in cortisol that
affect diurnal patterning. Stressors that evoke an increase in cortisol include unfamiliarity,
novelty, negative emotion, social conflict, or uncontrollability (Levine et al., 1989). Generally
cortisol increases about 20-25 minutes following a stressful event (Gunnar & Talge, 2008), but
there are individual differences in the magnitude of the response and in the time it takes to return
to basal levels that are theorized to be indicative of an individual’s ability to respond adaptively to
stress (Bauer, Quas, & Boyce, 2002). Measures of cortisol secretion may reflect the cumulative
effects of an individual’s ability to cope with stressors over time, as individuals who have
experienced greater stress tend to show greater deviations from this typical pattern.
Deviations from typical cortisol patterning are critical for study because they have been
associated with poorer social and emotional functioning in children. Generally, higher basal
cortisol levels and elevated cortisol levels in response to stress are associated with internalizing
(Kagan, Reznick, & Snidman, 1987; Schmidt et al., 1997; Schmidt, Santesso, Schulkin, &
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Segalowitz, 2007; Smider et al., 2002; Sturge-Apple et al., 2012). There are multiple potential
explanations for this association. Some children may be born more sensitive to stress, which
leads to increases in cortisol secretion that are associated with internalizing behaviors consistent
with fear such as withdrawal and anxiety (Kagan et al., 1987). Stressful early experiences may
also program the HPA axis to be more responsive to stress, leading to higher levels of
internalizing (Gunnar & Donzella, 2002). On the other hand, very low cortisol levels are more
frequently associated with externalizing behavior (Alink et al., 2008). Some children may be
born less sensitive to stress, which leads to lower levels of cortisol and therefore less fear and
anxiety (Raine, 1996). In the absence of anxiety, these children may engage in more
externalizing behavior because they are not fearful of the consequences. Findings in both of these
areas of research are mixed, however, with some studies finding associations in the opposite
direction (e.g., Alink et al., 2008; Ruttle et al., 2011).
Associations between cortisol patterning and adjustment have less commonly been
studied. Typically when examining patterning studies have focused on the magnitude of the
morning rise as well as the slope of the decrease in cortisol across the afternoon. A lack of rise in
morning cortisol is theorized to influence the ability to engage with the environment across the
day, as higher levels of cortisol in the morning mobilize energy, stimulate the appetite, and
facilitate learning (Gunnar & Vazquez, 2001). On the other hand, elevated morning cortisol
levels relative to other children may be indicative of higher stress reactivity and reflect the body's
preparation for stressful experiences during the day (Murray et al., 2010). Additionally, some
research has suggested that a lack of decline in cortisol across the day may result in higher
daytime cortisol levels that interfere with social and emotional functioning (Fisher et al., 2007).
For example, children in daycare who show an increase in cortisol across the day, rather than the
expected decrease, tend to show more externalizing behavior in the form of aggression and more
difficulty regulating negative emotions than other children (Dettling, Gunnar, & Donzella, 1999;
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Dettling, Parker, Lane, Sebanc, & Gunnar, 2000; Tout, deHaan, Kipp-Campbell, & Gunnar,
1998). Gunnar and Donzella (2002) have argued that interacting with peers may be particularly
challenging for these children, which causes an increase in cortisol that promotes more defensive
aggression. Although examining risk for a specific type of behavior problem is beyond the scope
of the current study, the research to-date supports the premise that deviations from typical cortisol
patterning may be problematic, and therefore that establishing healthy patterning in infancy may
underlie healthy emotional and behavioral functioning.
Because of our focus on the relations between parenting within the bedtime context and
infant cortisol, the current study examined cortisol samples taken at late afternoon, bedtime, and
upon awakening the following morning. We examined both average levels and patterning in
cortisol across these samples. Average levels were theorized to reflect general activity of the
HPA system in response to the mild stressors of daily life (Smider et al., 2002) across the late
afternoon to following morning time period and have been shown to be a valid measure of mean
cortisol secretion across the day and across laboratory tasks in children (Badanes, Watamura, &
Hankin, 2011) and adults (Kurina, Schneider, & Waite, 2004). Because cortisol is expected to
decline across the day and increase overnight, we anticipated the healthiest pattern in infant
cortisol to consist of a decline from late afternoon to bedtime followed by a rise to awakening the
following morning.
Parenting influences on infant cortisol
Theory and empirical evidence have converged to suggest that early caregiving
experiences play an important role in programming the HPA axis. Childhood in particular
appears to represent a critical period during which the HPA axis is developing and is sensitive to
environmental input (Gunnar & Vazquez, 2001). In the context of a high-threat environment,
chronically elevated cortisol levels may be adaptive because they mobilize resources that help the
individual to cope with stressors. Thus, in children exposed to high-threat contexts during
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development, the HPA axis may become programmed to be more responsive to stress, such that
these children have a lower threshold as well as an exaggerated response to stress. However, this
increased sensitivity taxes the body and consistent elevations in cortisol are associated with
reduced physical and mental health (Gold, Goodwin, & Chrousos, 1988; Meaney et al., 1991;
Schulkin, McEwen, & Gould, 1994). Gunnar and Donzella (2002) have suggested that sensitive
caregiving that buffers the child from elevations in cortisol in the first year of life may prevent the
HPA axis from becoming hyper-responsive to stress. Thus, children of parents who are more
sensitive are expected to have lower basal cortisol levels and smaller cortisol responses to stress
than children whose parents are more intrusive, harsh, or controlling. Very harsh or maltreating
parenting is thought to lead to such frequent cortisol elevations in some children that the HPA
axis eventually downregulates such that it is less responsive to stress (Gunnar & Vazquez, 2001).
Generally, empirical research has supported these hypotheses. In typical samples, lower quality
parenting has been associated with higher basal cortisol levels (Belsky et al., 2015; Murray et al.,
2010; Sturge-Apple, Davies, Martin, & Cicchetti, 2012), increased cortisol reactivity to stress
(Hane & Philbrook, 2012; Luijk et al., 2010; Spangler & Grossman, 1993, Spangler & Schieche,
1998) as well as slower cortisol recovery from a stressor (Albers et al., 2008; Grant et al., 2009).
There is also some evidence that parenting influences child cortisol patterning. For
example, a flattened pattern of cortisol characterized by lower morning cortisol levels as well as a
smaller negative slope in cortisol across the day has been detected in samples of children
experiencing maltreatment or growing up in deprived orphanage environments (Gunnar &
Vazquez, 2001; Carlson & Earls, 1997). Infants with a disorganized attachment to their mothers
(Luijk et al., 2010) and at-risk preschoolers experiencing less supportive maternal parenting
(Fisher et al., 2007) have also been found to show less decline in cortisol across the day.
Considering both cortisol levels and patterning together may provide a fuller picture of child HPA
axis functioning. Luijk et al. (2010) found that while disorganized infants in their sample showed
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a flattened diurnal rhythm across the day regardless of secondary classification, the disorganizedsecure infants had higher total cortisol secretion across the day and the disorganized-insecure had
lower total cortisol secretion. They suggested that the disorganized-insecure infants, who may
have experienced the most frightening or potentially maltreating parenting, were showing
evidence of downregulation of the HPA axis. The disorganized-secure infants, in contrast,
seemed to showing evidence of maintaining higher cortisol levels to cope with stressors, but had
not yet reached a threshold of stress leading to downregulation of the system.
The current study examined parenting quality via maternal emotional availability (EA) at
infant bedtime. The EA construct includes measures of maternal sensitivity, structuring,
nonhostility, and non-intrusiveness. It is intended to capture the mother’s emotional attunement
and communication with her child (Biringen, 2000) and has been found to predict quality of
infant attachment (Ziv, Aviezer, Gini, Sagi, & Koren-Kaire, 2000). It has been shown to be a
reliable, valid measure of the quality of the parent-child relationship across numerous studies
(Biringen, Derscheid, Vliegen, Closson, & Easterbrooks, 2014). The bedtime context was
examined in the current study because of the additional demands it may place on the parent and
child, as compared to the more traditionally examined free-play context. Because infants are
likely tired at bedtime, they may have more difficulty regulating their emotions and may rely on
parents more for assistance regulating stress. In this context, mothers’ ability to create a soothing
environment that promotes infant sleep may be particularly relevant to infant regulatory processes
such as cortisol secretion. Previous work has found concurrent associations between higher
maternal emotional availability and lower cortisol secretion across the night in newborns
(Philbrook et al., 2014).
Additionally, the current study sought to build upon previous work by examining how
maternal EA predicted change in infant cortisol levels and patterning with time, as well as how
within-person variation in maternal EA was linked to infant cortisol. Studying within-person
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variation in maternal care meant examining whether infants tended to have lower cortisol levels
and show more of a diurnal pattern in their cortisol on evenings when their mothers were more
emotionally available. To our knowledge, ours is the first study to explore how parenting is
predictive of developmental change in infant cortisol as well as to assess how within-person
variation in parenting is linked to infant cortisol
Infant cortisol influences on parenting
Rarely have studies measured child cortisol prior in time to parenting, making it difficult
to determine whether the child’s cortisol may also influence later parenting quality. There is a
theoretical basis for this contention though, as both developmental systems theory (Lerner, 1998;
Lerner, Rothbaum, Boulos, & Castellino, 2002) and transactional models of development
(Cicchetti & Toth, 1997; Lewis & Lee-Painter, 1974; Sameroff, 1975) implicate the individual in
influencing his or her environment. Work examining other dimensions of physiology has
supported these theories, as for example poorer respiratory sinus arrhythmia regulation in young
children has been found to predict poorer quality parenting (Kennedy, Rubin, Hastings, & Maisel,
2004). Furthermore, children who are emotionally reactive to fear and frustration have been
found to have elevated cortisol levels (Kagan et al., 1987, Lewis & Ramsay, 2005; van Bakel &
Riksen-Walraven, 2004), and these characteristics have been shown to predict lower quality
parenting. For example, inhibited children tend to be reactive infants who show greater
elevations in cortisol in response to stress (Kagan et al., 1987), and mothers of inhibited children
are more likely to report using higher levels of power assertion in dealing with their children
(Rubin & Mills, 1990). Their use of power assertive parenting strategies may be motivated by
frustration or embarrassment regarding the child’s behavior. A recent study found that mothers
who were more embarrassed by their toddler’s shyness were more likely to behave intrusively
with them, such as by carrying or pushing their children toward novel stimuli (Kiel & Buss,
2013). Difficult child temperament also been shown to initiate a negative cycle of parent-child
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interaction in which parents are more likely to use control behaviors that involve physical
restraint (Lee & Bates, 1985) and power assertion (Kochanska & Kim, 2012). Parental attempts
to control their children may in turn evoke greater resistance. For example, Kochanska and Kim
(2012) found that toddlers’ anger-proneness predicted an increase in parents’ power-assertive
behaviors. Despite the evidence at the behavioral level that more reactive children tend to receive
poorer parenting, previous research has not yet examined child cortisol as a predictor of later
parenting. The current study sought to address this gap in the literature by examining how infant
cortisol secretion predicts parenting quality at bedtime.
Current study
The overarching goal of the current study was to examine the interrelations between
maternal emotional availability and infant cortisol over time using assessments taken when the
infant was 3, 6, and 9 months old. This study builds upon previous literature in two main ways.
First, it incorporates repeated measures of maternal EA and infant cortisol across time, which
allow for study of how maternal parenting quality and infant cortisol influence one another over
the first year of life. Repeated measures of both maternal EA and infant cortisol allowed for
study of how each factor influenced the other across time as well as how within-person variation
in maternal EA was associated with infant cortisol. Second, the current study examined maternal
EA during bedtime, a caregiving context that has rarely been studied but may be more
challenging for both parent and infant than the more typically studied free play situation.
Hypotheses
The following hypotheses were proposed:
Hypothesis 1: Higher maternal emotional availability (EA) at bedtime will be associated
with lower infant cortisol levels.
Hypothesis 2: Higher maternal EA will be associated with a decline in infant cortisol
levels with age and will predict lower cortisol levels at the following time point.
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Hypothesis 3: Higher maternal EA will be associated with a quadratic pattern in infant
cortisol across the night, characterized by a decline in cortisol from late afternoon to bedtime and
an increase from bedtime to the following morning.
Hypothesis 4: Higher maternal EA will predict increasingly better fit to the expected
quadratic pattern in infant cortisol with age and will predict better fit to the quadratic pattern at
the following time point.
Hypothesis 5: Lower infant cortisol levels will predict higher maternal EA at the
following time point.
Methods
Participants were part of Project SIESTA, a longitudinal study of parenting and infant
development (NIH R01HD052809). Following the birth of their infants, mothers were visited by
project staff in local hospitals and were recruited into the study. One hundred sixty seven infants
(47% male) were originally recruited. Infants were firstborns in 37% of the families. Eighty-one
percent of mothers were married and living with their infant’s father. Mothers’ average age was
29.4 years old (SD = 5.3), and they ranged in age from 18 to 43 years old. Eighty-four percent of
mothers were White, 4% were Asian-American, 3% were African-American, 5% were Latino,
and 4% identified themselves as “Other.” Eighty-seven percent of mothers completed some postsecondary education, and 62% were employed outside the home. Median yearly family income
was $65,000 (SD = $47,000) and ranged from $9,500 to $300,000.
One hundred fifty-six families participated in the study when infants were 3 months old.
Families who dropped from the study were not significantly different from the originally
recruited sample with regard to income, number of children in the home, or marital status, or
maternal age, education, or employment. However, due to the intensiveness of the coding used to
control for infant and mother behavior across the time period when cortisol samples were taken, a
selected sub-sample of 101 families was coded. Of these families, 10 did not have scorable data
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for maternal EA and 11 did not provide cortisol data and therefore could not be included in the
analyses. This resulted in a final sample of 80 families who had data for at least one time point
on all study variables and therefore could be included in the analyses. The mothers in the final
sample were more likely to have attained higher levels of education, t(164) = -2.25, p < .05 than
the originally recruited sample. Maternal education was examined as a covariate in the analyses.
There were no other demographic differences between the final analytic sample and the original
sample.
Bedtime videos
Video collection
At 3, 6, and 9 months, project staff set up video equipment in the families’ homes for one
night in order to capture parenting behavior at the infant’s bedtime. Cameras were placed in
locations where the infant was taken to prepare for bed, where the infant slept, and where the
infant was taken upon awakening at night. Up to four cameras could be set up in the home. For
specific details regarding the video equipment and camera locations, please see Kim & Teti
(2014).
Maternal emotional availability coding
Maternal emotional availability during infant bedtime was coded at each age point using
the Emotional Availability Scales (EAS; Biringen Robinson, & Emde, 1998). This system
consists of four scales (sensitivity, structuring, nonintrusiveness, nonhostility) that are intended to
capture the emotional quality of parental interactions with the child. Two additional scales
assessing children’s emotional availability to the parent were not used in the current study
because of our focus on parental behavior at bedtime.
Coders began scoring maternal EA once mothers and infants appeared on camera, and
concluded following 5 consecutive minutes of infant sleep. EA is more often coded in parentinfant play contexts; thus, EA in this study was scored using the adaptations to the bedtime
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context described by Teti et al. (2010). Mothers who were aware of infant signals, accurately
interpreted them, and responded appropriately received higher scores for sensitivity. Coders
scored mothers as higher in structuring when mothers used soothing routines that helped guide
the infant to sleep. Higher nonintrusiveness scores were marked by speaking quietly in the
infant’s presence and reducing initiation of interaction with the infant as s/he came closer to
sleep. Nonhostility was defined by an absence of irritability and anger toward the infant.
Interrater reliability was established between two coders using 25 tapes. Intraclass
correlations (ICC’s) for maternal sensitivity, structuring, nonintrusiveness, and nonhostility
ranged from .70-.99. A composite maternal EA score was created by converting the scores for
each of the four dimensions to z scores, then taking the mean for the converted scores across the
standardized dimensions. The ICC for composite EA ranged from .98-.99.
Bedtime feeding coding
Because cortisol levels may be influenced by feeding (Gunnar, Malone, Vance, & Fisch,
1985; Levine, Coe, & Wiener, 1989; Spangler, 1991), we examined breast- and bottle-feeding at
infant bedtime as potential covariates. The two feeding types were scored for presence/absence
for each 30 seconds of the bedtime video. Summary codes reflecting the number of 30 second
intervals mothers spent engaging in these practices were totaled from the scoring sheets for
analysis and divided by the total number of intervals in order to control for variation in bedtime
length. Coders began scoring videos once the infant appeared on screen, and concluded when the
infant was asleep for 5 consecutive minutes.
Interrater reliability was established between 4 coders. Each coder was required to code
at least 15 reliability tapes and achieve an ICC above .70 for every code before they could code
tapes on their own. Average ICC’s for breastfeeding and bottle feeding were .99 and 1.00,
respectively.
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Nighttime sleep and intervention coding
Because infant sleep quality (de Weerth et al., 2003; Spangler, 1991; Watamura,
Donzella, Kertes, & Gunnar, 2004; White, Gunnar, Larson, Donzella, & Barr, 2000) and location
(Tollenaar, Beijers, Jansen, Riksen-Walraven, & de Weerth, 2012) have been associated with
cortisol patterning, infant nighttime sleep and sleep arrangements were assessed across the same
night as the cortisol sampling and bedtime video recording at 3, 6, and 9 months. Infant state as
well as whether the infant was co-sleeping with a parent were scored for each 30 seconds of the
nighttime video. In the current study, the infant states of distress and asleep were considered as
potential covariates. Distress was defined by infant fussing or crying. Specifically, coders
looked for increased vocalization volume, wailing, and/or sobbing. Infants were scored as asleep
when their eyes were closed and they were not making any gross motor movements. Co-sleeping
was scored when infants were sleeping on the same surface as a parent. Summary codes
representing the total number of intervals spent distressed, asleep, and co-sleeping were created
from this coding and divided by the total number of intervals in order to control for variation in
nighttime length. Additionally, in order to control for nighttime parenting behavior, coders
recorded the number of times that each parent intervened with the infant during the night as well
as the infant state when the parent intervened. Infant state could non-distressed, distressed, or
asleep at time of intervention. Intervention involved either physically or vocally interacting with
the infant across the night. The number of times the mother intervened to the different infant
states during the night were of interest as potential covariates. Coders started coding from the
end of bedtime and finished when infants were up and out of bed the following morning.
Infant nighttime sleep quality coding was intensive and required between 5-10 hours per
video, in addition to substantial time training on the coding scheme. Thus, there were over 30
coders for this project. Each coder was required to code at least 8 reliability tapes and achieve an
ICC above .70 for every code before they could code tapes on their own. Average ICC's for
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infant distress, infant sleep, co-sleeping, and maternal interventions were .82, .93, 1.0, and .74,
respectively.
Cortisol collection and assay
Cortisol sampling
Infant cortisol was assessed using saliva samples taken the same night as the bedtime
video at 3, 6, and 9 months. Parents were provided with three pieces of filter paper to place on
their infant’s tongue for 2 minutes at 3 times across the evening and following morning. The first
sample was taken in the late afternoon before dinner, the second sample was taken at the end of
bedtime just before the infant fell asleep, and the third sample was taken when the infant awoke
in the morning. These times were selected in order to model the change in infant cortisol across
the evening and nighttime hours. In order to control for effects of feeding on cortisol levels, staff
asked parents to refrain from feeding their infants for at least a half hour prior to the late
afternoon sample, and to take the morning sample prior to feeding the infant. Because many
infants are fed just prior to sleep, we did not think it was possible to ask parents not to feed their
infants for a half hour before taking this sample. Instead, we controlled for infant feeding at
bedtime by using the information from the video data.
Parents placed each sample in labeled plastic conical tubes following collection and
stored the tubes in their freezer. They also indicated the times the samples were collected on a
provided sheet. The tubes were transported in cooler bags and stored in a freezer in the
laboratory until assay was conducted by project staff. The filter paper method has been shown to
be a valid measure for collecting saliva and assessing cortisol levels in very young infants (Neu,
Goldstein, Gao, & Laudenslager, 2007). Additionally, ranges of cortisol levels assessed via the
filter paper method have been shown to be comparable to those detected using alternate methods
of collecting saliva from infants.
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Cortisol assay
Saliva samples were extracted from the filter paper by adding1500 µL of diluted (10:1)
wash buffer solution each tube and placing them on a test tube rotator for 24 hours. The extracted
saliva was assayed for cortisol using the Salimetrics, LLC High Sensitivity Salivary Cortisol
Enzyme Immunoassay Kit (catalog No. 1-3002). Assays were carried out by project staff
following the procedures included with the kit. The controls were plated twice and their
concentrations were used order to determine the intra- and inter-assay coefficients, which were
5% and 14%, respectively. Samples with a cortisol value greater than 3.0 µg/dL were reanalyzed.
For further detail regarding the saliva sample extraction and assay procedure, please see
Philbrook et al. (2014).
Questionnaire measures
Demographics
At each age point mothers reported on their demographic characteristics, including their
level of education. We included this measure as a potential covariate because lower
socioeconomic status has been linked to higher infant cortisol in previous work (Saridjan et al.,
2010). Maternal education was scored on a 1-10 scale, with 1 representing attending but not
graduating high school and 10 representing graduating with a medical degree.
Infant daily diary
At each time point, mothers completed a diary adapted from Burnham et al. (2002) in
which they indicated if any special events had taken place that day, such as their infant becoming
ill and/or taking medication. Home visiting staff took note of this as well. Although project staff
aimed to schedule the visits for days when the infant was healthy, parents sometimes reported that
their infant was not feeling well at the time of the visits. Dummy variables representing whether
or not the infant was taking medication or ill on the day of cortisol sampling were created and
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entered into the analyses in order to control for these potential influences on infant cortisol
values.
Maternal depression
At each time point mothers completed the Symptom Checklist-90-Revised, which
assesses depressive symptomology and has well-established reliability and validity (SCL-90-R;
Derogatis, 1994). Maternal depression symptoms were considered as a potential covariate in all
analyses as they have been linked to elevated infant cortisol levels (Azak, Murison, WentzelLarsen, Smith, & Gunnar, 2013; Brennan et al., 2008) as well as lower quality parenting
behaviors (Gelfand & Teti, 1990). The questionnaire consists of 13 items that ask mothers to
respond to questions regarding their symptoms within the past two weeks. Examples of items
include "feeling hopeless about the future" and "feelings of worthlessness." Participants respond
on a 5-point Likert-type scale, with 0 signifying "not at all" and 4 representing "extremely." A
summary score was created by summing mothers' responses across the items.
Results
Preliminary analyses
The infant cortisol data was first examined for the presence of outliers. Values greater
than 3 standard deviations above the mean were winsorized by replacing them with the next
highest value within the 3 standard deviations range (Barnett & Lewis, 1994). At 3 months, there
were 3 outliers at the late afternoon sample (T1), 4 at the bedtime sample (T2), and 2 at the
morning sample (T3). At 6 months there were 2 outliers at T1, 3 outliers at T2, and 1 outlier at
T3. At 9 months there were 2 outliers at T1, 3 outliers at T2, and 6 outliers at T3. The cortisol
data were positively skewed, with skewness values greater than 2.0 at every time point, and
therefore were log transformed. Descriptive information for the raw cortisol and time of
sampling data is provided in Table 2-1. A composite maternal EA variable was also created by
standardizing scores for each of the subdimensions (sensitivity, structuring, nonintrusiveness,
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nonhostility) and taking the mean for each mother at each time point. Mean infant age across all
ages and time points was 6.11 months. Mean time of cortisol sampling across all ages and time
points was 11:25pm. Infant age and time of cortisol sampling were grand mean centered and
these centered variables were used in all analyses. All predictors and covariates were also grand
mean centered prior to analysis.
Table 2-1. Descriptive information for infant cortisol and time of sampling variables
Late
Late
afternoon
Bedtime
afternoon
sample
Bedtime
sample
Morning Morning
cortisol
time
cortisol
time
cortisol
cortisol
(μg/dL)
(hr:min)
(μg/dL)
(hr:min)
(μg/dL)
(hr:min)
3 months
Mean
SD

.14
.23

6:15pm
1:15

.23
.60

7:34pm
5:38

.40
.55

7:57am
1:48

6 months
Mean
SD

.21
.59

5:52pm
1:11

.18
.44

8:09pm
3:23

.41
.81

7:38am
1:20

9 months
Mean
SD

.24
.59

6:01pm
1:10

.20
.49

8:07pm
2:49

.31
.52

7:39am
1:29

Primary analyses
The analyses examining the associations between maternal EA and infant cortisol
secretion over time were tested via multilevel modeling in SAS 9.4 using Proc Mixed. A 3-level
model examined how maternal EA predicted infant cortisol (Hypotheses 1-4). Time of cortisol
sampling was at level 1, infant age was at level 2, and mother was at level 3. A 2-level model
examined how infant cortisol predicted maternal EA (Hypothesis 5). Infant age was at level 1,
and infant was at level 2. All analyses used maximum likelihood estimation to account for
missing data in the dependent variables. Fifteen infants were missing at least one cortisol sample.
Thirty-five mothers were missing maternal EA for at least one time point because there was not
sufficient bedtime data to score. Sixty-three percent of mothers had maternal EA data for at least
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two time points. Families with missing data on these dependent variables did not differ from the
larger sample on any characteristics assessed.
Model predicting infant cortisol secretion from maternal EA
Because maternal EA and infant cortisol were both measured repeatedly over time, the
within- and between-person associations between the two variables needed to be examined
separately. The within-person estimate indicated how deviations in mothers' EA were associated
with their infant's cortisol (for example, whether an infant's cortisol tended to be lower at age
points when their mother's EA was higher than average). The between-person estimate indicated
how mean maternal EA, averaged across the 3 age points, was associated with average infant
cortisol (for example, whether infants of mothers who were more emotionally available on
average tended to have lower cortisol on average). The two effects were separated by first
creating a person mean variable that represented mean maternal EA for each mother across the 3
time points. This represented the between-person estimate. A person mean centered EA variable
was then calculated by subtracting each mother's mean from her raw values for maternal EA at
each of the 3 age points. This person mean centered variable represented the within-person
estimate. Both the within and between-person EA estimates tested how maternal EA at bedtime
was concurrently associated with infant cortisol levels (Hypothesis 1).
In order to examine whether maternal EA was associated with change in cortisol across
the night, time of cortisol sampling and a squared time of cortisol sampling variable were created.
The time of sampling variable represented whether there was linear change in cortisol across the
night, and the time of sampling squared variable represented quadratic change. These variables
were multiplied by the person mean and person mean centered maternal EA variables in order to
test whether change in cortisol overnight was moderated by maternal EA (Hypothesis 3). The
interaction terms with person mean EA indicated whether higher average maternal EA was
associated with cortisol change across the night on average for the sample, across all 3 age points.
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The interaction terms with person mean centered EA indicated whether infants tended to show a
particular pattern of cortisol across the night at age points when their mothers had higher EA than
average.
The longitudinal associations between maternal EA and infant cortisol were tested in two
ways. First, the maternal EA person mean variable and the interactions between person mean
maternal EA and the time of cortisol sampling variables were multiplied by infant age. The
interaction between person mean EA and age indicated how maternal EA was associated with
change in cortisol levels with age (Hypothesis 2). The interactions between person mean EA, the
time of sampling variables, and infant age indicated how maternal EA was associated with
change in cortisol patterning with age (Hypothesis 4). A lagged EA variable was also created
from the person mean centered EA variable to test whether infant cortisol secretion tended to be
lower after a time point when maternal EA was higher than average (Hypothesis 2) and whether
infants tended to show the expected quadratic pattern in cortisol overnight following time points
when maternal EA was higher than average (Hypothesis 4). The lag variable was created using
the LAG function in the data step in SAS and represented how the person mean centered maternal
EA variable was associated with infant cortisol at the following time point.
Because infant cortisol is sensitive to a variety of influences, including family
socioeconomic status (Saridjan et al., 2010), maternal depression (Azak et al., 2013; Brennan et
al., 2008), infant sleep location (Tollenaar et al., 2012) and sleep quality (White et al., 2000;
Spangler, 1991; de Weerth et al., 2003) several variables were examined as potential covariates.
Using information from the questionnaires and nighttime videos, variables representing maternal
education (M = 4.95, SD = 2.05) and depressive symptomology (M = 6.45, SD = 6.74), percent of
the night the infant spent asleep (M = .88, SD = .10) and distressed (M = .01, SD = .01), maternal
interventions in response to infant distressed (M = 1.08, SD = 1.47), non-distressed (M = 0.78, SD
= 1.55), and sleeping (M = 0.18, SD = 0.54) states during the night, and percent of the night spent
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co-sleeping (M = .16, SD = .31) were examined as potential covariates. Percent of bedtime spent
bottle-feeding (M = .06, SD = .15) and nursing (M = .16, SD = .25) were also tested because
eating may influence cortisol levels (Gunnar et al, 1985; Levine et al., 1989; Spangler, 1991).
Finally, the dummy variables representing whether the infant was ill or on medication were
examined as potential covariates.
The equations representing the model predicting infant cortisol are depicted below:
Level 1:

The level 1 equation represents that cortisol for an infant at time t is a function of the
intercept specific to each infant i at age a, slopes representing linear and quadratic change in
cortisol overnight, and a residual.
Level 2:

The level 2 equations allow the estimates of the intercept and slopes for linear and
quadratic change overnight to vary as a function of the within-person predictors. Within-person
variation in the intercept is a function of the intercept for each infant i, slopes representing linear
and quadratic change in cortisol with age, person mean centered variables for maternal EA,
lagged maternal EA, and the covariates, and a residual specific to each infant at each age.
Within-person variation in the linear and quadratic slopes for change in cortisol overnight are a
function of the slope for each infant i, slopes representing linear and quadratic change in cortisol
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with age, person mean centered variables for maternal EA, lagged maternal EA, and the
covariates, and a residual specific to each infant at each age.

Level 3:

The level 3 equations allow the estimates of the intercept and slopes for linear and
quadratic change with age to vary as a function of the between-person predictors. Between
person variation in the intercept is a function of the overall intercept, person mean variables for
maternal EA and the covariates, and a residual specific to each infant. Between-person variation
in the linear and quadratic slopes for change in cortisol with age are a function of the overall
slope, person mean variables for maternal EA and the covariates, and a residual specific to each
infant.
An empty model with no predictors entered was tested first in order to partition the
variance in infant cortisol accounted for by each level of analysis. Intraclass correlations
demonstrated that 44% of the variance was accounted for by differences at the between-person
level, 16% was at the level of infant age, and 40% was at the level of time of sampling,
suggesting that there was substantial variance in cortisol accounted for each level. An
unconditional model with infant age, infant age squared, time of sampling, time of sampling
squared, and all possible interactions between these variables was fit next. Across the sample,
there was not a significant change in cortisol levels with age, p > .10. However, across the
sample infants showed a linear increase in cortisol overnight, B = .032 p < .001. Each hour that
passed corresponded to an increase of .032 logged μg/dL in cortisol. Infants also showed
significant quadratic change in cortisol overnight, with cortisol levels showing little change from
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late afternoon to bedtime and then rising more steeply from bedtime to the next morning, B =
.001, p < .001. Additionally, there were two interactions between change in cortisol overnight
and infant age. Younger infants tended to show a sharper linear increase and quadratic change in
their cortisol overnight, B = -.002, p = .07 and B = -.0002, p < .06, respectively. The quadratic
change consisted of less change from late afternoon to bedtime with a steeper increase overnight
to morning. The age squared variable and its interactions with the time of sampling variables
were not significant and were not considered further.
The conditional model, therefore, included the terms identified in the unconditional
model as well as the maternal EA variables and interactions described previously. There was no
significant change in cortisol levels with age across the sample, p > .10. As in the unconditional
model, across all ages infants tended to show an increase in cortisol overnight, B = .034, p <
.0001, as well as the same pattern of quadratic change consisting of less change from late
afternoon to bedtime followed by a rise overnight, B = .001, p < .01. Also as in the unconditional
model, there were two interactions between change in cortisol overnight and age. When they
were younger, infants tended to show a greater linear increase in cortisol across the night than
they did when they were younger, B = -.002, p < .10. Additionally, while younger infants
showed less change in their cortisol levels from afternoon to bedtime with an increase overnight,
older infants tended to show a steady increase from late afternoon to the following morning with
less of a decrease from late afternoon to bedtime, B = -.0004, p < .05. Several covariates were
also significant. At time points when infants spent more of the night distressed, their cortisol
levels were higher, B = 12.04, p < .05. For each significant effect on cortisol levels we examined
whether levels at a particular sampling time (late afternoon, bedtime, awakening) accounted for
the association. We did not have a priori hypotheses regarding which samples may be most
affected, and therefore these analyses were exploratory. Follow-up analyses indicated that the
association between higher nighttime distress and higher average cortisol was accounted for by
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higher cortisol levels at bedtime, B = 13.56, p < .05. Six more minutes of nighttime distress than
an infant's average corresponded to a .14 logged μg/dL increase in bedtime cortisol. In addition,
infants of mothers who intervened more often in response to infant nighttime distress on average
had lower average cortisol levels, B = -.150, p = .056. Follow-up analyses showed that this effect
was accounted for by lower cortisol levels at late afternoon, bedtime, and morning awakening, B's
= -.153, -.132, and -.150, p's < .05. This meant that one intervention to distress corresponded to a
decrease of .13, .15, and .15 logged μg/dL in infant cortisol at late afternoon, bedtime, and
morning, respectively. Also, at time points when mothers more often intervened with their
infants while they were sleeping, meaning that they woke their infants up, there was a trend for
infants' cortisol levels to be higher, B = .105, p < .10. This association was driven by higher
morning cortisol specifically, B = .13, p < .10. Morning cortisol levels increased by .13 logged
μg/dL with each intervention to infant sleep above a mother's average. No other covariates
reached or approached significance and therefore were not included in the final model.
Regarding study hypotheses, at time points when mothers were more emotionally
available than average, their infants had lower cortisol levels, B = -.293, p < .0001. This
association was driven by lower infant cortisol levels at bedtime and the following morning, B 's
= -.32, -.17 p's < .05. Each standard deviation above a mother's average EA corresponded to a
decrease of .32 and .17 logged μg/dL in bedtime and morning cortisol, respectively. Average EA
was not directly associated with average infant cortisol levels. There were several significant
interactions with maternal EA. First, there was an interaction between maternal EA and infant
age, B = .062, p < .01 (Figure 2-1). Infants of mothers who were more emotionally available on
average showed an increase in cortisol levels with age, whereas infants of less emotionally
available mothers showed stably higher cortisol levels. For infants who were one standard
deviation above the mean for EA, a 1 month increase in age was associated with an increase of
.056 logged μg/dL in cortisol, B = .056, p < .05. Follow-up analyses showed that this change was
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due to an increase in bedtime cortisol from 3 to 9 months for the infants of more emotionally
available mothers, B = .135, p < .05.

0

Infant cortisol (logged μg/dL)

-0.2

3 Months

9 Months

-0.4
-0.6

B = -.030, t = -1.52, p > .10

-0.8
Low Maternal EA

-1
-1.2

High Maternal EA

-1.4
-1.6

B = .056, t = 2.63, p < .05

-1.8
-2

Figure 2-1. Interaction between maternal EA and infant age predicting change in infant cortisol
over time.

There was also a significant interaction between maternal EA and linear change in
cortisol overnight, B = .009, p < .01, demonstrating that across the sample infants of more
emotionally available mothers showed a steeper increase in cortisol overnight. This effect was
qualified by an interaction between maternal EA, age, and quadratic change in cortisol overnight,
B = -.0005, p < .01 (Figure 2-2). Cortisol showed relatively little change overnight for infants of
less emotionally available mothers at both younger and older ages. Cortisol increased more
steeply over time for infants of more emotionally available mothers at younger and older ages.
At 3 months, infants of more emotionally available mothers showed a quadratic change in cortisol
characterized by less change from late afternoon to bedtime and a steep increase overnight. By 9
months, however, infants of mothers characterized by higher EA showed less evidence of decline
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in cortisol from late afternoon to bedtime, but showed a linear increase from late afternoon to
awakening the following morning. Neither the lagged variable nor its interactions with other
variables were significant and therefore were not included in the final model.
0
Late afternoon

Morning

-0.2

Infant cortisol (logged μg/dL)

-0.4
-0.6
-0.8
-1
-1.2
-1.4

High Maternal EA,
9 Months
High Maternal EA,
3 Months
Low Maternal EA,
9 Months
Low Maternal EA,
3 Months

-1.6
-1.8
-2

Figure 2-2. Interaction between maternal EA and infant age predicting change in cortisol
patterning over time.
Finally, the age, time of cortisol sampling, and maternal EA person mean centered
variables were each entered into the random statement in order to test whether the associations
between these variables and infant cortisol varied significantly between infants. None were
significant and therefore only the random intercepts were included in the final model. The fit of
the final conditional model including infant age, terms for linear and quadratic change in cortisol
overnight, interactions of linear and quadratic change with infant age, between- and within-person
effects for infant nighttime distress, maternal interventions to infant sleep and distress, and
maternal EA, and the interaction between maternal EA, quadratic change in cortisol overnight,
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and age and all lower-order interactions was significantly better than that of the unconditional
model, (χ² (13, N = 80) = 230.3, p < .01). Information for the final model is included in Table 22.
Table 2-2. Estimates for model predicting infant cortisol
Estimate

S.E.

t (N = 80)

-1.12
.013
.034
.001
-.002
-.000
-5.83
12.04
-.150
-.051
-.054
.105
-.115
-.293
.062
.009
.000
-.001
-.000

.071
.015
.003
.000
.001
.000
8.12
4.78
.079
.035
.196
.063
.098
.073
.019
.004
.000
.001
.000

-15.77**
.87
11.26**
2.79**
-1.66†
-2.38*
-.72
2.52*
-1.92*
-1.46
-.28
1.68†
-1.17
-4.03**
3.19**
2.83**
.52
-.50
-2.68**

.291
.080
.133

.062
.021
.012

4.69**
3.77**
11.35**

Fixed effects
Intercept
Age
Linear Change
Quadratic Change
Age x Linear Change
Age x Quadratic Change
Mean Infant Nighttime Distress
Deviations in Infant Nighttime Distress
Mean Maternal Interventions to Distress
Deviations in Maternal Interventions to Distress
Mean Maternal Interventions to Sleep
Deviations in Maternal Interventions to Sleep
Mean Maternal EA
Deviations in Maternal EA
Age x Mean Maternal EA
Linear Change x Mean Maternal EA
Quadratic Change x Mean Maternal EA
Age x Linear Change x Mean Maternal EA
Age x Quadratic Change x Mean Maternal EA
Random effects
Intercept (level 3)
Intercept (level 2)
Residual
Notes: ** Significant at p .01
* Significant at p .05
†
Significant at p .10

Model predicting maternal EA
Hypothesis 5, that lower infant cortisol secretion would predict higher maternal EA at the
following time point, was conducted using a similar analytic strategy. Person mean and person
mean centered variables were created for infant cortisol, and a lagged variable was calculated
from the person mean centered variable using the LAG function in the data step. We controlled
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for lagged, within-person, and between-person effects for infant sleep and distress during the
night of cortisol sampling in order to examine whether infant cortisol had any effect on parenting
above and beyond these behaviors. We also examined person mean and person mean centered
variables for maternal depression as covariates, as higher depressive symptomology has been
linked to lower parenting quality (Gelfand & Teti, 1990) and may compromise a mother's ability
to be sensitive to her infant.
The equations for the model predicting maternal EA are depicted below:
Level 1:

The level 1 equation represents that EA for a mother at infant age a is a function of the
intercept specific to each mother m and slopes representing person mean centered infant cortisol,
infant distress, infant sleep, and maternal depression, as well as lagged infant cortisol, distress and
sleep and a residual.
Level 2:

The level 2 equation allows the estimates of the intercept to vary as a function of the
predictors. Between person variation in the intercept is a function of the overall intercept, person
mean variables for infant cortisol, distress, and sleep, as well as maternal depression and a
residual specific to each mother.
An empty model with no predictors entered was tested first in order to partition the
variance in maternal EA accounted for by each level of analysis. Intraclass correlations showed
that 71% of the variance was accounted for by differences at the between-person level and 29%
was at the within-person level, suggesting that there was substantial variance in maternal EA
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accounted for by each. A conditional model included all of the infant variables and maternal
depression was fit next. There was a trend for mothers with higher average depressive symptoms
to have lower EA, B = -.020, p < .10. There was not an association between deviations in
depressive symptoms and maternal EA. Average sleep infant sleep percentage during the night
was associated with higher maternal EA on average, B = 1.97, p < .05, but there was a not a
lagged effect for sleep and deviations in infant sleep were not linked to maternal EA. There was
a trend for mothers to be less emotionally available at time points when their infants were more
distressed than their average, B = -8.60, p = .06. However, lagged distress and average distress
were not associated with maternal EA. Regarding study hypotheses, maternal EA tended to be
lower at time points when infants had higher cortisol than their average, B = -.188, p < .0001.
However, there was also trend-level evidence of a lagged effect of infant cortisol such that
following time points when infant cortisol was higher than their average, maternal EA tended to
be lower, B = -.083, p = .06. Follow-up analyses indicated this was due to a predictive association
between higher than average infant morning cortisol and lower maternal EA at the following time
point, B = -.43, p < .05. This effect indicated that when cortisol was 1.0 logged μg/dL higher than
an infant's average, maternal EA was .43 lower at the following time point. There was not an
association between average infant cortisol and average maternal EA. We tested whether there
was significant variability in the relationships between the cortisol variables and maternal EA by
entering lagged cortisol and the cortisol person mean centered variable into the random statement,
but neither was significant. The fit of the final model including within- and between-person
effects for infant sleep, distress, and cortisol as well as the lagged effects for infant sleep, distress,
and cortisol was significantly better than that of the unconditional model, (χ² (11, N = 80) = 36.9,
p < .01). The full statistics for this model can be found in Table 2-3.
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Table 2-3. Estimates for model predicting maternal EA
Estimate

S.E.

t (N = 80)

-.088
-.020
.002
1.90
.489
-.211
-9.38
-8.60
4.66
-.011
-.186
-.081

.123
.012
.006
.948
.554
.498
8.58
4.59
4.35
.159
.046
.046

.72
-1.68†
.29
2.00*
.88
-.42
-1.09
-1.88†
1.07
-.07
-4.05**
-1.83†

.4687
.2023

.0803
.0153

5.84**
13.19**

Fixed effects
Intercept
Mean Maternal Depression
Deviations in Maternal Depression
Mean Infant Nighttime Sleep
Deviations in Infant Nighttime Sleep
Lagged Infant Sleep
Mean Infant Nighttime Distress
Deviations in Infant Nighttime Distress
Lagged Infant Distress
Mean Infant Cortisol
Deviations in Infant Cortisol
Lagged Infant Cortisol
Random effects
Intercept
Residual
Notes: ** Significant at p .01
* Significant at p .05
†
Significant at p .10

In a post-hoc analysis, we also considered whether higher infant cortisol levels predicted
depressive symptoms at the following time point. Some research has suggested that the challenge
of caring for more difficult infants is linked to an increase in symptoms of depression (Gross et
al., 2009), which in turn has been linked to lower quality parenting (Gelfand & Teti, 1990). Thus,
it was possible the link we detected between infant cortisol and maternal EA at the following time
point was mediated by mothers' depressive symptomology. However, in our study we did not
detect any predictive associations between the lagged cortisol variable and later maternal-reported
symptoms, p > .10.
Discussion
Overall, these results suggest that maternal EA at infant bedtime is associated with
change in infant cortisol levels and patterning with age. Additionally, they suggest that infants
are sensitive to differences in their mother's behavior and provide some evidence indicating that
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mothers may be sensitive to differences in their infant's cortisol. The findings have implications
for understanding how children’s physiology and mother's parenting may influence one another
early in development and provide support for the usefulness of the bedtime and nighttime
contexts for studying parenting.
Associations between maternal EA and infant cortisol levels
Hypothesis 1, that higher maternal emotional availability (EA) at bedtime would be
associated with lower infant cortisol, was supported at the within-person level. Infants had lower
cortisol levels at age points when mothers were more emotionally available than their average.
To our knowledge, this is the first study to show that infants are sensitive to individual variations
in their mother’s care. The follow-up analyses indicated that specifically cortisol levels were
lower at the end of bedtime and the following morning when mothers were more emotionally
available at bedtime. This suggests that infants showed less downregulation of cortisol levels in
the evening following bedtimes when mothers were less emotionally available. The higher
morning values may also reflect more downregulation from the previous day, or a greater
nighttime increase in order to prepare for more stressful experiences during the day. Although
there was not a direct association between average maternal EA and infant cortisol levels, there
was an interaction between maternal EA and infant age. This interaction was in the opposite
direction of Hypothesis 2, that cortisol would decline more with age for the infants of more
emotionally available mothers. Infants of more emotionally available mothers showed an
increase in cortisol with age, whereas infants of less emotionally available mothers showed stably
higher levels of cortisol. A post-hoc analysis indicated that the increase in average cortisol levels
was mainly driven by an increase in cortisol at bedtime for the infants of more emotionally
available mothers with age. At 9 months children are beginning to form attachments to their
caregivers, and this may intensify the challenge of separating from parents at bedtime for infants.
The infants of less emotionally available mothers, on the other hand, tended to maintain higher
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levels of cortisol levels with age, which may have made an increase at bedtime less detectable.
Most studies examining infant cortisol longitudinally have used daytime sampling, and thus
further work is needed to examine whether an increase in bedtime cortisol with age may be
developmentally appropriate. Together, these within- and between-person findings across the
first year of life extend prior work establishing a link between maternal EA and infant cortisol in
early infancy (Philbrook et al., 2014).
Associations between maternal EA and infant cortisol patterning
The results of the current study did not provide evidence for Hypothesis 3, that higher
maternal EA would be associated with a quadratic pattern in infant cortisol across the night
concurrently. However, the results did show that there were developmental changes in infant
cortisol patterning across time that were associated with maternal EA, partially supporting
Hypothesis 4. Generally, cortisol levels are expected to follow a diurnal pattern characterized by
the highest levels approximately 30 minutes following awakening, a decline across the day with
lowest levels in the evening, and a rise overnight (Edwards et al., 2001). In our study because
samples were taken at late afternoon, bedtime, and awakening the following morning, we
expected infants to show a decline from late afternoon to bedtime and increase from bedtime to
morning. We predicted that this pattern would become increasingly established with age. Our
results indicated that infants of less emotionally available mothers showed less change in cortisol
overnight, and this pattern was maintained with age. The infants of more emotionally available
mothers in contrast, showed more change in cortisol across the night. Infants of more
emotionally available mothers showed the expected pattern of a slight decrease from late
afternoon to bedtime and an increase from bedtime to the following morning when they were
younger. As they developed, however, infants of more emotionally available mothers showed
less of a decline from late afternoon to bedtime. Change in their cortisol over time better fit a
linear pattern characterized by a steady increase from late afternoon to morning. We did not
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expect that the older infants of more emotionally available mothers would show less evidence of
a decline from late afternoon to bedtime than when they were younger. When they were older
infants in our study were much more likely to be put to bed while still awake, and therefore it
could be that their cortisol declines further across this time period but we were unable to capture
it because parents were asked to take the bedtime sample at the culmination of their bedtime
routine. As noted earlier, it may also be developmentally normative for infants to show higher
cortisol levels at bedtime at older ages because they are becoming more aware of parental
separation and beginning to form attachments to their caregivers.
Influences of infant cortisol on maternal EA
To our knowledge, ours is the first study demonstrating evidence in support of
Hypothesis 5, that lower infant cortisol levels would predict higher maternal EA at later time
points. Specifically, higher than average infant morning cortisol predicted lower maternal EA.
Although some prior work has demonstrated that child behavior and physiology may predict
parenting (Kennedy et al., 2004; Kochanska & Kim, 2012; Lee & Bates, 1985; Rubin & Mills,
1990), infant cortisol levels have rarely been examined as predictors of parenting behavior.
Because cortisol levels are at least partly reflective of infant stress, this finding indicates that
infants who experience more distress earlier in life, due to biology, the environment, or a
combination, tend to receive lower quality parenting later in development. Furthermore, the
results also suggest that mothers are sensitive to variation within their own infant's cortisol. Thus,
mothers seem to be affected by increasing amounts of distress in their infant. In support of this
idea, the covariate analyses showed that higher infant nighttime distress was associated with
higher infant cortisol levels. However, the associations between infant cortisol and later maternal
EA remained even while controlling for infant distress. This suggests that nighttime distress may
be one component of a constellation of challenging infant behaviors indicated by higher cortisol
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levels that may elicit lower parenting quality, but does not account for all the association between
infant cortisol and parenting.
Implications
These findings support theory and previous work suggesting that parenting is important
for facilitating healthy neuroendocrine functioning early in life. Gunnar and Donzella (2002)
suggested that infancy represents an important period for the development of the stress response
system. By reducing stressful experiences for their infants, sensitive parents are thought to
promote healthy cortisol patterning and stress responses in their children. Our results support this
idea by demonstrating that infants have lower cortisol levels at the end of bedtime and the
following morning when mothers are more emotionally available. Furthermore, the covariate
analyses demonstrated a cumulative effect of maternal responsiveness to infant distress on
cortisol such that infants had lower average levels at all time points sampled when mothers were
more responsive. Additionally, our findings regarding developmental change in both levels and
patterning are in line with those of Luijk et al. (2010). They found that disorganized-secure
infants showed elevated cortisol secretion as well as a flattened diurnal rhythm. Similarly, our
results indicated that in a normative sample, infants receiving lower quality care showed stably
higher cortisol levels with age and maintained a pattern of less change in cortisol overnight.
Together, these results further highlight the sensitivity of the infant stress response system early
in development and the importance of parental care in helping to establish healthy HPA axis
functioning. Establishing lower cortisol levels and healthy cortisol patterning in infancy may in
turn reduce risk for emotional and behavioral problems later in development.
The results of the current study also have implications for intervention, as they suggest
that infants are sensitive to variation within their mother's behavior and that mothers are sensitive
to variation in their infant's regulation. These findings provide evidence that targeted
improvements in maternal behavior at bedtime and nighttime could be linked to reductions in
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infant cortisol. In addition to promoting the four components of maternal EA at bedtime
(sensitivity, structuring, nonhostility, nonintrusiveness), mothers' responses to their infants at
night could be a component of early intervention. In particular, responsiveness to nighttime
distress could be encouraged. The results suggested that poorer infant regulation, as evidenced by
higher cortisol, may be particularly challenging for mothers. However, greater responsiveness to
infant distress may be associated with reductions in infant cortisol. Additionally, our results
provide trend-level evidence that limiting the amount of times mothers wake their infants during
the night may be linked to reductions in infant cortisol.
Together, these findings also support previous research indicating the usefulness of the
bedtime and nighttime contexts for studying parent-infant interactions (Kim et al., 2014,
Philbrook et al., 2014; Teti et al., 2010). Because infants and parents are often at odds in this
context, with many infants resisting going to sleep or separating from parents if required, these
contexts may affect stress in both parents and children. Mothers who are more sensitive and
responsive to their infants during this time may best buffer infants from this stress.
Limitations and future directions
The current study has some limitations. First, the cortisol samples were limited to one
night at each age point. Cortisol is sensitive to a variety of influences and therefore it is ideal to
sample across multiple days in order to reduce the impact of outside factors. Given this
limitation, we were encouraged by the consistency of our findings with prior work. However, it
may have limited our ability to detect longitudinal associations, particularly lagged effects. The
lack of lagged effects of maternal EA on infant cortisol detected in the current study reduce our
ability to make assumptions about causal inference. That the cortisol samples were taken on the
same evening as the measure of parenting, while increasing the likelihood of detecting concurrent
effects, may also have reduced our ability to detect longitudinal associations. In addition to
measuring infant cortisol across multiple days, it would also be beneficial to assess mothers'
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parenting across multiple evenings at each time point. This would allow for further testing of the
within-person effect for maternal EA found in our study as well as a more precise examination of
lagged effects between maternal EA and infant cortisol. Daily assessments at each point would
also provide further testing of developmental change in infant cortisol patterning and may help to
shed more light on our unexpected finding of a reduction in decline in cortisol from late afternoon
to bedtime in infants of more emotionally available mothers with age. Additionally, it may also
prove useful to examine potential mediators of the link between child cortisol and later parenting
on a daily level. In the current study, post-hoc analyses testing whether infant cortisol predicted
later maternal depression did not yield evidence of significant associations. However, some
research has suggested that children's regulatory ability influences parental emotion (Cole et al.,
2013), which may in turn affect parenting. Studying infant cortisol and parental mood at a daily
level may allow for greater precision in detecting mediating relationships.
Furthermore, as noted in the implications, it is important for future research to consider
the types of infant behaviors related to higher cortisol levels that may elicit lower quality
parenting from caregivers. While the current study showed a potential link between infant
cortisol and later EA, mothers are not aware of infant physiology and therefore are likely reacting
to the associated behaviors. Our results suggested that infant nighttime distress may be related to
higher cortisol but does not account for the entire association between infant cortisol and later
EA. Infant irritability has also been shown to predict lower parenting quality and it is possible
that irritability (Crockenberg, 1981) and distress during the day are linked to higher nighttime
cortisol levels as well.
It must also be noted that sample was largely Caucasian, middle-class mothers and their
infants, and these findings must be replicated with families of different ethnicities and
socioeconomic statuses. Additionally, the limited number of fathers who participated in infant
bedtime precluded us from including them in the current study, but it is likely that fathers'
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parenting also is associated with infant cortisol, and perhaps in unique ways from mothers. This
represents an important direction for future research, particularly into the second year of life
when fathers in our study tended to become more involved with their infants at bedtime. The
higher percentage of primarily breastfed versus bottle-fed infants in our sample seemed connected
to higher maternal involvement in infant bedtime at these younger ages. However, as the infants
grew older their fathers became more involved and it may prove valuable to examine their
contributions to infant cortisol later in development.
Conclusions
Overall, the current study provides evidence of the influence of maternal care on child
cortisol levels and patterning as well as a longitudinal predictive association between infant
cortisol levels and later maternal EA. The findings contribute to a growing body of research that
seeks to understand developmental changes in infant cortisol levels and patterning. In addition to
shedding light on the complex interrelations between mother and infant in the first year of life,
these results suggest avenues for future intervention work and further support the potential utility
of studying parenting within the bedtime and nighttime contexts.
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General Discussion
This dissertation aimed to elucidate how parenting and child regulation influenced one
another longitudinally to predict the development of infant sleep and neuroendocrine
functioning. Both studies examined how parenting and child regulation during the bedtime and
nighttime contexts were associated over time using repeated measures of both factors. This
dissertation builds on the existing literature in four main ways. First, it demonstrates evidence of
within-person associations between parenting and infant regulation. Second, it indicates that
parenting is linked to developmental change in infant regulation over time. Third, it shows that
infant regulation may influence later parenting quality. Fourth, it highlights the usefulness of the
bedtime and nighttime contexts for examining the bidirectional influences between parent and
child. Following a discussion of these four themes, avenues for future work will be discussed.
Within-person associations between parenting and infant regulation
Both studies provided evidence of within-person associations between parenting and
infant regulation, which had not previously been tested. Study I showed that infants slept more at
time points when mothers were more emotionally available, used less close contact, and co-slept
less with them. Infants were also less distressed at time points when their mothers were more
emotionally available. These results are consistent with previous studies showing that increased
contact with a parent at bedtime and across the night is associated with longer and more frequent
night wakings (Adair, Bauchner, Philipp, Levenson, & Zuckerman, 1991; Anders et al., 1992;
Burnham et al., 2002; Cronin, Halligan, & Murray, 2002; Mao et al., 2004; Morrell & CortinaBorja, 2002; Scher & Blumberg, 1999; Sheridan et al., 2013; Wolke, Meyer, Ohrt, & Riegel,
1995), as well as cross-sectional work demonstrating that higher maternal emotional availability
is associated with maternal report of less frequent night waking (Teti et al. 2010). In a similar
vein, Study II found that infants had higher cortisol levels at time points when mothers were less
emotionally available and woke them up more often during the night. The findings build upon
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previous theory implicating parents as important for buffering infants from stressors early in life
(Gunnar & Donzella, 2002). They are also consistent with prior work showing that cortisol levels
are sensitive to day-to-day influences (de Weerth et al., 2003) as they suggest that infant cortisol
levels are closely tied to the quality of parenting received that evening. The findings from these
studies, therefore, indicate that infants are sensitive to variation with their own mother's behavior.
They have implications for intervention work because they suggest that infants may be
particularly responsive to improvement in maternal care within the bedtime and nighttime
contexts Video feedback regarding parenting has been shown to be an effective method for
improving maternal sensitivity (e.g., Kalinauskiene et al., 2009), and mothers' videos from the
bedtime and nighttime observation could be used to point out strengths, areas for potential
improvement, and changes in their behavior with their infants across the time points.
Associations between parenting and developmental changes in infant regulation
The results also showed that parenting was associated with developmental trajectories in
infant sleep and neuroendocrine functioning. Study I found that less nursing at bedtime was
associated with a greater increase in sleep percentage across the night, whereas more nursing in
combination with lower maternal EA predicted less decline in infant nighttime distress with age.
Higher maternal EA in combination with fewer arousing activities was associated with the
steepest increase in infant nighttime sleep percentage with age. This study expands on crosssectional work detecting an association between maternal EA and infant sleep (Teti et al., 2010)
by showing that average higher maternal EA is associated with trajectories of the most rapid
improvement in infant nighttime distress and sleep with age. Furthermore, these results also
support Darling & Steinberg's (1993) theory that parenting practices are more effective in the
context of a higher quality parent-child bond. Additionally, the results from Study II provide the
first empirical evidence of developmental change in infant cortisol patterning across the night.
Some previous work has shown that higher parenting quality is concurrently related to more
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appropriate diurnal changes in cortisol (Fisher et al., 2007; Luijk et al., 2010; Philbrook et al.,
2014). This dissertation builds upon these studies by showing that differences in cortisol
patterning between infants of more and less emotionally mothers persist with time. Infants of less
emotionally available mothers at both younger and older ages showed less change in cortisol
between samples taken at late afternoon, bedtime, and the following morning. Infants of more
emotionally available mothers, in contrast, showed an increase in the rise in cortisol overnight
with age, which is the expected pattern. Together, the results from the two studies demonstrate
that parenting is associated with how regulation changes over time in infancy. This builds on a
body of work that has mainly focused on concurrent associations and rarely incorporated repeated
measures of regulation with age.
Influence on infant regulation on parenting
Results from both studies in this dissertation also showed associations between infant
regulation and later parenting. Study I found that higher infant nighttime distress predicted lower
maternal EA at the following time point. This finding is consistent with theory suggesting that
infant sleep problems may elicit frustration in the parent that leads to intrusive or rejecting
parenting (Morrell, 1999). The results from the current dissertation suggest that more frequent
infant nighttime distress may be challenging for mothers and over time may compromise their
ability to be emotionally available to their infant. Study II found that higher infant morning
cortisol predicted lower maternal EA at the following time point. This finding fits with previous
work suggesting that temperamentally more reactive or difficult infants, who tend to be
characterized by higher cortisol levels (Kagan et al., 1987, Lewis & Ramsay, 2005, van Bakel &
Riksen-Walraven, 2004), are more likely to receive lower quality parenting (Kochanska & Kim,
2012, Lee & Bates, 1985, Rubin & Mills, 1990). This result is also in line with other work
detecting a predictive association between child physiology and later parenting quality (Kennedy
et al., 2004). Together, these results suggest that mothers are sensitive to differences in their own
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infant's regulation and that higher distress than is typical for the infant can be difficult for mothers
regardless of the infant's level of distress compared to his or her peers.
Utility of bedtime and nighttime contexts for study of parent-child bidirectional effects
The results from these two dissertation studies also shed light on the potential utility of
observing the bedtime and nighttime contexts to better understand bidirectional associations
between mothers and infants. The findings suggest that even one night of observation at each
time point can adequately capture patterns of parent-infant interaction. For Study I, studying the
bedtime context allowed for greater specificity in examining parenting behaviors that promote
less infant nighttime distress and more sleep. Although previous studies have found parental
report of increased presence and close contact when the infant is first falling asleep for the night
predicts more frequent infant night waking (Adair et al., 1991; Anders et al., 1992; Burnham et
al., 2002; Cronin et al., 2002; Mao et al., 2004; Morrell & Cortina-Borja, 2002; Scher &
Blumberg, 1999; Sheridan et al., 2013; Wolke et al., 1995), rarely have these associations been
studied observationally. Furthermore, this study detected a strong association between engaging
in a new category of parenting practices at infant bedtime, arousing activities, and poorer infant
sleep. Additionally, observations of infant nighttime sleep patterns are also less commonly used,
but incorporating this method in Study I allowed for a more precise understanding of how
parenting practices on a specific evening were linked to the infant's nighttime distress and sleep
on that particular night.
The findings from both studies further support the potential usefulness of studying
maternal EA at infant bedtime. Typically EA is studied during free play, but may be particularly
important for study at infant bedtime because of the challenge this context can pose for young
children. Tired children may require assistance regulating their emotions and behavior as they
prepare for sleep and may also resist physical separation from their parents if this is part of the
family's sleep arrangement (Teti et al., 2010). Parents who are sensitive and responsive to their
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children’s needs in this context may help to buffer children from potential stressors. This may
mean that bedtime is especially relevant to child cortisol levels, which are related to child stress.
Furthermore, falling asleep and self-soothing to sleep requires feeling safe and secure in the
environment, and parents who are warm and sensitive at bedtime may better foster these feelings
of trust in their children (Teti et al., 2010). Previous research has found maternal EA at infant
bedtime to be concurrently associated with better infant sleep quality (Teti et al., 2010), lower
cortisol levels (Philbrook et al., 2014) and healthier cortisol patterning. This dissertation builds
upon previous work by examining how parenting in the bedtime context was linked to
developmental change in infant sleep patterns, cortisol levels, and cortisol patterning.
The covariate analyses in Study II also revealed associations between nighttime parenting
and infant cortisol, which have not been previously studied. The findings suggested that on
average infants of mothers who responded more frequently to their distress had lower cortisol
levels, and that on nights when mothers woke their infants up more they tended to have higher
morning cortisol. These findings provide evidence that greater responsiveness to infant distress
during the night may buffer infants from stress and influence their physiological functioning.
They also fit with prior work detecting an association between elevated maternal depressive
symptomology and increased frequency of waking infants more during the night (Teti & Crosby,
2012). The results suggest that in addition to interrupting infant sleep, this behavior may have
physiological consequences for infants.
The challenge of bedtime and nighttime for infants may also make these contexts
particularly useful for studying infant influences on parenting behavior. In these situations,
parents and infants may be at odds as parents attempt to soothe infants to sleep and to physically
separate from them if required by their sleep arrangements. These contexts may bring out more
temperamental differences in distress between infants than a free play context in which parents
and infants have the same goals. Thus, by studying infant distress and cortisol levels across the
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evening hours, this dissertation was able to capture how individual differences in infant regulation
are predictive of later parenting quality.
Future directions
Together, the results of these two dissertation studies emphasize bidirectional
associations between parenting and infant regulation in predicting trajectories of infant sleep and
cortisol patterning. In order to provide a cohesive picture of the development of infant regulation,
one important avenue for future work involves understanding how these regulatory processes fit
together. The results provided some evidence of linkages between the measures used in the two
studies. First, infants were more distressed on nights when they had higher cortisol levels at
bedtime. This may suggest that when infants show less downregulation of cortisol across the
evening hours, they are more likely to cry out to their parents during the night. Infants also slept
more on nights when they were less distressed, which is consistent with theory that infants are
less likely to call out to parents when they are able to self-soothe to sleep upon awakening during
the night (Anders, Halpern, & Hua, 1992; Henderson, France, Owens, & Blampied, 2010; Minde
et al., 1993; Keener, Zeanah, & Anders, 1988). Taken together, these results suggest that less
downregulation of cortisol levels across the evening may be indicative of experiences of greater
stress for the infant that then may preclude ability to self-soothe to sleep during the night.
Parenting may be one factor that could help to reduce infant stress and therefore promote infant
nighttime regulation, as the two studies showed that infants had lower bedtime cortisol, were less
distressed, and slept more on nights when mothers were more emotionally available.
There are several avenues for future work examining these linkages. First, an
understanding of daytime regulation may be valuable for informing these nighttime processes.
For example, daytime assessments of infant cortisol could test the possibility that higher bedtime
cortisol levels are reflective of less downregulation in cortisol across the afternoon. Daytime
assessments of infant behavior, such as negative affect, could also be examined as correlates of

119
infant nighttime cortisol, distress, and sleep. Infants who are more distressed during the day may
show higher cortisol levels and less downregulation in cortisol across the afternoon, which then
could extend into the evening hours. Repeated assessments of these measures across days could
be used to test whether infants are more distressed and sleep more poorly on nights when they
experience more daytime distress, as indicated by both physiology and behavior. Parenting
quality could also be examined as a potential moderator of the association between daytime and
nighttime distress such that parents who are more emotionally available to their infants at bedtime
may help to reduce distress and cortisol levels and therefore promote better quality nighttime
sleep. Furthermore, studying the development of these processes across infant age would allow
for examination of how parenting may predict improvement in infant cortisol and sleep regulation
over time.
In addition to providing a fuller picture of infant regulation, examining these daytime
measures could also help to elucidate behavioral correlates of infant cortisol that may be
predictive of maternal parenting quality. Study II detected an association between higher infant
morning cortisol and lower maternal EA at the following time point, but mothers are not aware of
cortisol levels and therefore it was not clear what infant behaviors may have elicited lower quality
care. Thus, information regarding infant daytime distress may prove valuable for understanding
the behaviors associated with elevated cortisol levels, which in turn could shed light on the
constellation of behaviors and physiological indices that are predictive of lower parenting quality.
This dissertation was limited to data collected across one night at each time point, but
future work could also incorporate assessment of infant cortisol, nighttime distress, and sleep
across multiple days at each age point. Repeated measures within each age point may provide a
measure of infant sleep and cortisol at each age that is less influenced by any anomalies on a
particular day. Daily assessments may be particularly valuable for studying cortisol patterning,
which is characterized by high intraindividual variability in infancy (de Weerth, Zijl, & Buitelaar,
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2003). Replication of our finding in Study II that bedtime cortisol levels increase with age for
infants of more emotionally available mothers is needed in particular. Additionally, daily
assessments of these processes within each age would be useful for studying the links between
cortisol and sleep patterning. Previous work has found that the diurnal rhythm in cortisol
emerges around the same time developmentally as consolidated sleep (Spangler, 1991). Thus,
circadian patterning in sleep and cortisol may be related, and given that this dissertation found
parenting quality to predict both sleep and cortisol, it is possible that parenting influences the
synchronization of the two. More work is needed that explores the association between infant
sleep and cortisol repeatedly across time in order to better elucidate the development of circadian
patterning. Furthermore, including assessments of parenting, infant sleep, and infant cortisol
across multiple days may facilitate more precise testing of lagged associations, as this would
allow for examination of how infant sleep or cortisol were influenced on a day following the
experience of higher parenting quality and vice versa. The gap between assessments in the
current dissertation may have limited our ability to detect lagged effects in particular.
Additionally, while the results provide evidence of infant influences on maternal
parenting behavior in both studies, the causal mechanisms for these links was not clear. Both
studies tested for maternal depression as a potential mediator of this association but it was not
significant. Previous work and theory has indicated that mothers are less likely to behave
sensitively with their children when their mood is less positive or more negative (Cole et al.,
2013) or when they are experiencing symptoms of depression (Gelfand & Teti, 1990). Sleep
deprivation related to infant night wakings (Bayer et al., 2007; Meltzer & Mindell, 2007; Scott &
Richards, 1990) and challenging infant behaviors such as more frequent distress may also place
parents at increased risk for depression (Gross et al., 2009). Thus, in addition to daily measures
of parenting and infant sleep and cortisol, future work may benefit from the inclusion of daily
measures of maternal mood, affect, and sleep that may influence parenting quality. Examining
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these mediators on a smaller, day-to-day scale rather than across months may provide a more indepth examination of infant influences on parenting.
Finally, it will be important for future work to examine how trajectories of change in
infant regulation are predictive of healthy development. These dissertation studies indicated that
parenting was associated with developmental changes in infant nighttime distress and sleep as
well as cortisol levels and patterning, and previous work utilizing measures of sleep and cortisol
at single time points has indicated that both are linked to social, emotional, and cognitive
outcomes (Alink et al., 2008; Kagan, Reznick, & Snidman, 1987; Schmidt et al., 1997; Schmidt,
Santesso, Schulkin, & Segalowitz, 2007; Smider et al., 2002; Sturge-Apple et al., 2012; Jenni &
Dahl, 2008). However, it is not clear whether establishing consolidated nighttime sleep earlier in
life or showing an increase in bedtime cortisol in infancy, two of the developmental findings from
this dissertation, are adaptive and predictive of better outcomes. Work examining these
associations is needed in order to more precisely identify trajectories of development in
regulation that signify risk and protect against maladjustment later in childhood.
Conclusions
In conclusion, this dissertation provides evidence that infants are sensitive to differences
in parenting within the bedtime and nighttime contexts, and that parenting is associated with
developmental change in infant cortisol, nighttime distress, and sleep. Higher infant cortisol and
distress, in turn, predicted lower parenting quality. These findings contribute to a larger body of
literature concerning bidirectional relationships between parent and child and build upon previous
work by integrating repeated measures of both parenting and infant regulation. Additionally, they
give credence to the potential usefulness of the bedtime and nighttime contexts for studying these
processes. Avenues for future work include integrating multiple measures of daytime and
nighttime regulation into one study, utilizing daily measures of parenting and child regulation
across multiple age points, incorporating daily assessments of additional potential mediators of
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the links between infant regulation and later parenting, and examining how trajectories of
regulation across infancy are predictive of later child developmental outcomes.
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