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Abstract

Sleep during infancy contributes to the development and maintenance of infant regulatory 

functioning and may be an early risk marker for more difficult temperamental traits like negative 

reactivity. Further, maternal adverse childhood experiences (ACEs) may predispose individuals 

to greater sleep disturbances in adulthood and have been linked with sleep disturbances in 

both mothers and infants. Thus, examining maternal history of ACEs and maternal sleep 

difficulties during pregnancy and postpartum may provide insight into underlying risk factors 

affecting infant sleep difficulties and early temperament development. Fifty-nine mothers from 

a diverse, community sample (44% white) completed questionnaires on ACEs, maternal sleep, 

infant sleep, and infant temperament at 30-weeks gestation, 6-weeks postpartum, and 16-weeks 

postpartum. Results indicated that maternal ACES and sleep problems during pregnancy have 

long term implications for infant negative reactivity at 16-weeks, with significant indirect effects 

through maternal and infant sleep problems at 6-weeks. Addressing psychosocial functioning and 

prenatal sleep during pregnancy, particularly among women with high ACEs, may be a target of 

intervention to improve maternal and infant sleep health during the postpartum, and reduce the risk 

for difficult infant temperament.
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1. Introduction

Sleep during infancy contributes to the development and maintenance of infant regulatory 

functioning and may be an early risk marker for later behavioral, emotional, and physical 
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health challenges (Field, 2017; Mindell et al., 2017), including more difficult temperamental 

traits like negative reactivity (Sidor et al., 2017). There is evidence that sleep-wake 

patterns and infant temperament may reflect similar aspects of infant biological maturity 

and organization, especially during early infancy (Ednick et al., 2009), and that there 

are likely transactional associations between infant sleep and intrinsic infant factors like 

temperament (Camerota et al., 2019), suggesting that sleep-wake patterns may shape infant 

temperament and behavior over time (Morales-Munoz et al., 2020; Spruyt et al., 2008). 

Further, research suggests that maternal and infant sleep difficulties are highly positively 

correlated (Sadeh et al., 2010), and that maternal adverse childhood experiences (ACEs) 

may predispose individuals to greater sleep disturbances in adulthood and have been linked 

with sleep disturbances in both mothers and infants (Kajeepeta et al., 2015; Hairston et al., 

2011). Thus, examining maternal history of ACEs and maternal sleep difficulties during 

pregnancy and postpartum may provide insight into underlying risk factors affecting infant 

sleep difficulties and early temperament development.

1.1 Maternal prenatal sleep problems

It is common for birthing persons (referred to as women and mothers in this study based 

on our sample demographics) to experience a wide range of changes and stressors during 

pregnancy, including changes in sleep quality (Schetter & Tanner, 2012; Pien & Schwab, 

2004). According to the National Sleep Foundation, more than 79% of women reported 

that their sleep had changed during pregnancy and approximately 28-38% of women report 

experiencing inadequate sleep and a decline in sleep quality during pregnancy (Okun et 

al., 2013). Sleep problems such as incremental nocturnal awakenings, difficulties in falling 

asleep, too-early awakenings, sleep restriction, disordered breathing, and parasomnias are 

commonly reported during pregnancy (Mindell et al., 2015), and tend to worsen into the 

third trimester (Hayase et al., 2014). Although changes to sleep are to be expected during 

pregnancy given the extensive biological and psychophysiological changes associated with 

gestation (Palagini et al., 2014; Yanıkkerem et al., 2006), chronic sleep problems during 

the prenatal period are associated with poor maternal and infant health outcomes, including 

maternal and infant sleep difficulties (Sadeh et al., 2010).

Several factors may increase the risk for sleep disturbances during pregnancy, and there 

is increasing evidence that early life exposure to adversity like ACEs may play a role in 

chronic disturbances in sleep. ACEs are often chronic and repeated stressors that occur 

during early childhood, including experiences of abuse, neglect, and household dysfunction 

(Felitti et al., 1998) that have been shown to be associated with numerous health outcomes 

across the life course, including sleep disorders (Chapman et al., 2011; Kajeepeta et al., 

2015). Several studies have found that adults with a history of ACEs are more likely to 

report sleep problems compared to those without a history of ACEs, and recent studies have 

shown similar findings in perinatal populations (Chapman et al., 2011; Kajeepeta et al., 

2015; Miller-Graff & Cheng, 2017). For example, Paulson and Miller-Graff (2019) found 

that ACE scores were associated with sleep problems during pregnancy, and in the context 

of ACEs and intimate partner violence, women with sleep impairments had worsening 

trajectories of posttraumatic stress symptoms across the perinatal period. Additionally, 

exposure to ACEs is associated with increased risk for psychopathology, including prenatal 
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and postpartum depressive symptoms (Racine et al., 2021), as well as increased risk for 

adverse health behaviors (e.g., substance use, smoking, obesity), which can negatively 

impact sleep (Anda et al., 2006).

It has been hypothesized that experiencing a heightened stress response for a prolonged 

period of time, as often occurs with ACEs, initiates allostasis, or physiological “wear and 

tear” on the stress system as it adapts to acute stress, altering neuroendocrine, immune, 

and cardiovascular functioning, and placing individuals at greater risk for psychological and 

physical health problems (Danese et al., 2009; Danese & McEwen, 2012; Jaffee & Christian, 

2014; Nurius et al., 2015). Previous studies have suggested a bidirectional relationship 

between sleep and the stress response system, and chronic sleep problems have been 

characterized as both a consequence of stress as well as a stressor in itself (Levenson et 

al., 2015; McEwen, 2006; Palagini et al., 2014). In line with the allostatic load hypothesis 

(McEwen & Stellar, 1993), disrupted sleep, like other stressors, may activate allostasis, 

and in turn, the allostatic reactions may lead to neuroendocrine alterations that contribute 

to an ongoing cycle of chronic sleep problems (McEwen, 2006; Palagini et al., 2014). 

The cumulative effects of chronic sleep problems have been associated with increased risk 

of hypertension, diabetes, obesity, depression, heart attack, and stroke (McEwen, 2006; 

Spiegel, 2005), and have been associated with similar health complications that onset during 

pregnancy, including prenatal depression, gestational diabetes, and preeclampsia (Chang 

et al., 2010; Okun et al., 2009). Sleep problems during pregnancy have also been shown 

to have lasting impacts for birth outcomes and infant health, with the most frequently 

reported complications being extended duration of labor, type of delivery, intrauterine 

growth restriction, and preterm birth (Palagini et al., 2014).

1.2 Prenatal exposure and infant temperament

Importantly, alterations in the maternal stress response system during pregnancy have been 

hypothesized as a mechanism for the development of adverse infant outcomes, including 

adverse birth outcomes (e.g., length of labor, type of delivery, preterm birth, and intrauterine 

fetal growth) (Bublitz et al., 2018; Palagini et al., 2014) and long-term neurodevelopmental 

difficulties among offspring (Bergman et al., 2007; Weinstock, 2005). According to prenatal 

programming or the Developmental Origins of Health and Disease (DOHaD) hypothesis 

(Barker, 1998; Gillman, 2005), in utero exposure to adversity, including exposure to 

maternal stress hormones and sleep disturbances, may result in permanent biological and 

neurodevelopmental changes in offspring with implications for long-term development, 

behavior, and disease risk (Talge et al., 2007; Weinstock, 2005). For instance, research has 

shown that prenatal exposure to maternal stress and symptoms of depression and anxiety is 

associated with delayed fetal maturation, impaired cognitive development, increased fearful 

behavior in the infant, diminished gray matter volume in children, altered developmental 

trajectory of the fetal HPA axis, and infant stress regulation and sleep (Bergman et al., 

2007; Davis et al., 2004, 2007; Kim et al., 2020; Monk et al., 2019; O’Connor et al., 2007; 

Weinstock, 2005).

Notably, biological and neurodevelopmental alterations resulting from prenatal exposures 

may shape the infant’s behavioral and physiological responses to stressors in the postnatal 

Ciciolla et al. Page 3

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



environment, thereby playing a role in shaping infant temperament (Werner et al., 2007). 

Infant temperament is broadly conceptualized as relatively stable, individual variation in 

behavioral dispositions rooted in distinct neurophysiological differences in reactivity to 

stress (Fox, 2004; Rothbart & Ahadi, 1994; Werner et al., 2007), thought to be influenced 

by both a child’s genetics as well as the environment (Goldsmith et al., 1997; Shiner et al., 

2012). Although there is not a singular model or definition of temperament, it is commonly 

believed that there is a distinct category of temperament known as “difficult temperament” 

(Goldsmith et al., 1987).

In Rothbart’s model of temperament, difficult temperament is characterized by negative 

reactivity or emotionality, which refers to an infant’s negative mood, low soothability, and 

irritability (Rothbart & Putnam, 2002; Putnam, et al., 2008). Negative reactivity represents a 

child’s tendency to react to environmental stimuli with higher degrees of negative emotion, 

such as fear, sadness, anger, or irritability (Gartstein & Rothbart, 2003), which can be 

observed early in infancy at two to three months of age, increases throughout infancy 

(Razza et al., 2012), and has been associated with an increased risk for internalizing and 

externalizing symptoms during childhood (Janson & Mathiesen, 2008; Nielsen & Olino, 

2019) as well as difficulties with sleep (Sorondo & Reeb-Sutherland, 2015; Spruyt et al. 

2008). Rothbart’s model of temperament also includes factors of surgency and orienting 

(Rothbart & Putnam, 2002), which have also been associated with infant sleep (Jian & Teti, 

2016; Scher et al., 1998). More specifically, surgency has been associated with increased 

sleep duration and orienting has been associated with fewer night awakenings and higher 

quality sleep (Jian & Teti, 2016; Scher et al., 1998). However, individual differences in 

surgency and orienting emerge somewhat later in infancy compared to negative emotionality 

(approximately 6 to 8 months of age (Rothbart & Putnam, 2002), making these factors more 

difficult to examine with younger infants (Razza et al., 2012).

1.3 Negative reactivity and infant sleep problems

Broadly, research examining temperament and sleep during infancy has shown that 

temperament is associated with daytime, nighttime, and total sleep duration (Kaley et al., 

2012; Jian & Teti, 2016; Scher et al., 1998; Sorondo & Reeb-Sutherland, 2015; Spruyt et 

al., 2008). Negative reactivity has been specifically associated with infant and childhood 

sleep difficulties, including frequent nighttime awakenings and disorganized sleep patterns 

(Kaley et al., 2012; Sorondo & Reeb-Sutherland, 2015; Spruyt et al. 2008). It is posited that 

difficult temperamental traits can contribute to sleep problems relative to an infant’s inability 

to self-soothe, interfering with the ability to fall or stay asleep (Burnham et al., 2002; De 

Marcas et al., 2015). However, research also suggests the relationship between difficult 

temperament and infant sleep may be bidirectional (Spruyt et al., 2008), as there is evidence 

that infants with irregular sleep patterns and shorter sleep durations are more likely to 

display difficult temperaments (Sadeh et al., 1994; Spruyt et al., 2008). That is, infants who 

get insufficient sleep may be prone to negative mood, irritability, and difficulty soothing, 

and as such, chronic sleep problems can foster or exacerbate difficult temperamental traits 

(Spruyt et al., 2008).

Ciciolla et al. Page 4

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1.4 Negative reactivity and maternal sleep problems

Additionally, maternal sleep difficulties and related stress can also exacerbate both infant 

sleep problems and difficult temperament alike (Tikotzky & Sadeh, 2009; Tikotzky et 

al., 2015). Specifically, maternal sleep difficulties in the early postnatal period have been 

found to predict infant sleep difficulties later in infancy (Tikotzky et al., 2015), as well 

as behaviors comprising difficult temperaments (Tikotzky et al., 2010). Moreover, maternal 

stress has been found to have indirect effects on infant sleep and difficult temperament 

by negatively influencing mothers’ sleeping behaviors and the way they interact with 

their infants (McQuillan et al., 2019). Notably, the majority of research on maternal sleep 

behaviors and their influence on infant sleep and development has primarily focused on the 

postnatal period, suggesting a need to also examine the influence of prenatal maternal sleep 

on postnatal infant development (Newland et al., 2016). Research that has focused on the 

prenatal period has found that maternal psychological stress, depression, and negative life 

events, which are often associated with significant sleep disturbance, have been linked to 

infant fussiness and crying at 3 and 6 months postpartum (Davis et al., 2004; Wurmser et 

al., 2006) and irregular sleep behaviors (Armitage et al., 2009; Dias & Figueiredo, 2020; 

O’Connor et al., 2007; van den Huevel et al., 2021), and more recent research has found 

significant associations between maternal prenatal sleep and infant sleep (Burdayron et 

al., 2021a; Chen et al., 2020). Even though prenatal risk factors such as psychological 

stress and negative life events can negatively influence maternal sleep behaviors during 

pregnancy (Chang et al., 2010), prenatal maternal sleep itself has not been frequently 

examined (Burdayron et al., 2021b; Chen et al., 2020).

Given the evidence that postnatal sleep-wake patterns may shape infant temperament and 

behavior over time (Morales-Munoz et al., 2020) and the research highlighting the positive 

associations between maternal and infant sleep difficulties (Sharkey et al., 2016; Tikotzky 

& Sadeh, 2009), there is a need to further examine the relationship between infant sleep 

problems and infant negative reactivity in the context of prenatal and postnatal maternal 

sleep problems. The literature is lacking in studies that examine infant sleep problems during 

early infancy as a risk factor for the emergence of difficult temperament, as well as studies 

that consider the influence of maternal early life adversity and prenatal and postnatal sleep 

problems on infant sleep problems and difficult temperament.

1.5 Current Study

The current study examines maternal history of ACEs and maternal sleep difficulties 

during pregnancy and postpartum as underlying risk factors for infant sleep difficulties 

and early temperament development, specifically, negative reactivity. We hypothesized that 

greater exposure to ACEs would be associated with prenatal and postnatal maternal sleep 

difficulties, and in turn, greater infant sleep problems and negative reactivity.

2. Methods

2.1 Participants and Study Procedures

The study examined a diverse community sample of 59 pregnant women and their infants 

who had complete survey data on prenatal and postpartum demographic variables including 
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education and infant sex. Participants were recruited from prenatal clinics serving racially 

diverse and low-income populations (n= 56) and a community baby shower serving low-

income families (n=3). The same inclusion criteria (1. Over 18 years old and 2. English-

speaking) were used in both recruitment settings. Mothers were assessed at three time 

points: 30-weeks gestation, 6-weeks postpartum, and 16-weeks postpartum. The study 

received approval from the university Institutional Review Board, and all participants 

provided informed consent and were compensated $10 for each survey.

Participants were 25.8 years old on average and almost half of the sample reported having a 

high school education or less (54.2%). A majority of the sample reported being married or 

cohabitating (63.8%) and earning an annual income of $20,000 or less (65.5%). The racial 

breakdown of the sample included 44.1% white, 20.3% Black or African American, 15.3% 

Native American or Alaskan Native, 1.7% Asian, 15.3% Biracial or Multiracial and 3.4% 

Other. Almost a third (27.1%) of mothers reported this pregnancy as their first. Complete 

demographic data for the entire sample are provided in Table 1.

2.2 Attrition

Approximately 33% of the total sample (n = 20) was lost to attrition at 6-weeks postpartum 

(retained at 6-weeks, n = 39), and an additional 8% of the sample was lost to attrition 

at 16-weeks postpartum (retained at 16-weeks, n = 35). This rate of attrition is consistent 

with other research studying similar populations of mothers in the early postpartum (e.g., 

Cicchetti et al., 2006; McDonnell & Valentino, 2016). Participants missing at 6-weeks 

postpartum did not differ from retained participants on any demographic variables, including 

types of ACEs, but reported statistically significantly more sleep problems during pregnancy 

on average (M = 13.5 v. M = 9.4), t(53) = 3.39, p = .002. Participants missing at 16-

weeks postpartum did not differ from retained participants on any baseline variables. These 

analyses indicate that women with more sleep problems during pregnancy were less likely 

to remain in the study, and thus, potential bias in the model estimates associated with 

missingness could result in underestimates of the effects.

2.3 Measures

Demographics.—Participants completed a demographic questionnaire and provided 

information about age, race, and education level.

Maternal Adverse Childhood Experiences.—During pregnancy, participants 

completed the Adverse Childhood Experiences Short-Form (ACES-SF; Felitti et al., 1998), 

an instrument that retrospectively assesses for traumatic childhood events prior to the age 

of 18. The scale assesses 10 domains of ACEs including emotional, sexual, and physical 

abuse, neglect, and household dysfunction. Participants provided a yes/no (1 = yes, 0 = no) 

response to adversity, summed for a total score (possible range 0-10), with higher scores 

indicating greater exposure to adverse events.

Maternal Sleep Problems.—During pregnancy and at 6-weeks postpartum, participants 

completed the Women's Health Initiative Insomnia Rating Scale (WHIIRS), a brief, 5-item 

scale that evaluates symptoms of insomnia (Levine et al., 2003). Participants self-reported 
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their sleep patterns within the last month using a 5-point Likert scale (0=problem has 

not been experienced in the past 4 weeks; 4=problem occurs at least 5 times a week). 

Items were totaled (possible range 1-20), with higher scores indicating more frequency of 

sleep difficulties. The WHIIRS has shown good internal consistency and construct validity 

(Levine et al., 2003). Cronbach’s coefficient alpha showed acceptable internal reliability 

during pregnancy (α = .81), at 6-weeks (α =.72) and 16-weeks (α =.83).

Infant Sleep Problems.—At 6- and 16-weeks postpartum, participants completed the 

Infant Sleep Questionnaire (ISQ; Morrell, 1999), 10-item scale used to assess infant’s 

sleeping habits. Mothers were asked to report on their infant’s sleep behaviors including 

frequency of waking up at night and ability to settle and soothe. Items were totaled (possible 

range 0-38), with higher scores indicating more infant sleep difficulties. Cronbach’s 

coefficient alpha showed acceptable internal reliability at 6-weeks (α =.75) and 16-weeks (α 
=.72).

Infant Temperament.—Participants completed the Infant Behavior Questionnaire-

Revised-Short Form (IBQ-R), a 91-item scale to assess their infant’s behavior and 

temperament at 16-weeks postpartum. (Gartstein & Rothbart, 2003). The IBQ-R is normed 

to assess infant temperament as early as 4 months of age, and includes 14 subscales: 

approach, vocal reactivity, high intensity pleasure, smiling and laughter, activity level, 

perceptual sensitivity, sadness, distress to limitations, fear, falling reactivity, low intensity 

pleasure, cuddliness, duration of orienting, and soothability. Infant negative reactivity was 

scored according to IBQ-R instructions using the mean of the sadness, distress to limitations, 

fear, and falling reactivity (reversed) subscales. The IBQ-R has shown good reliability 

and validity (Gartstein & Rothbart, 2003). Cronbach’s coefficient alpha showed acceptable 

internal reliability at 16-weeks (α =.71).

Maternal Depressive Symptoms.—During pregnancy and at 6-weeks postpartum, 

participants completed the Edinburgh Postnatal Depression Scale (EPDS), a brief, 10-item 

scale that evaluates symptoms of depression on a 4-point scale (Cox et al., 1987). Items were 

totaled (possible range 0-30), with higher scores indicating higher depressive symptoms. 

Prenatal scores greater or equal to 15, and postpartum scores greater or equal to 13 were 

used as accepted cut-off scores indicating clinically significant symptomology (Matthey 

et al., 2006). Cronbach’s coefficient alpha showed acceptable internal reliability during 

pregnancy (α = .91), at 6-weeks (α =.86) and 16-weeks (α =.94). It should be noted that 

there is substantial overlap between depressive symptoms and sleep problems (Feng et al., 

2019), and as such, depressive symptoms were examined as a covariate.

2.3 Data Analytic Plan

Descriptive statistics and bivariate associations were calculated for all variables. A path 

model using full information maximum likelihood (FIML) estimation in Mplus 8.0 (Muthén 

& Muthén, 1998-2017) was used to examine the hypothesized model (Figure 1). The model 

included maternal race, level of education, infant sex (0 = female; 1 = male), and infant 

sleep problems at 16-weeks as covariates predicting infant negative reactivity at 16-weeks. 

Prenatal, 6-week, and 16-week maternal depressive symptoms were examined as predictors 
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of maternal sleep difficulties at 6- and 16-weeks postpartum, infant sleep problems at 

6-weeks, and infant reactivity at 16-weeks. Missing data was handled in Mplus using 

Full Information Maximum Likelihood (FIML) estimation with bootstrapping procedures 

to correct for standard error bias associated with missing data and to derive confidence 

intervals for the mediating effect (Enders, 2010; MacKinnon et al., 2004).

3. Results

3.1 Descriptive statistics and correlations

Descriptive statistics on all study variables are presented in Table 1. For the current 

study, participant race was re-coded into a dichotomous variable for analyses (0 = Black, 

Native American/Alaska Native, Hispanic, Asian, Other (46%); 1 = white (44%). The 

decision to collapse all individuals identifying as persons of color into one category 

was made due to inadequate representation in each of the racial groups, thus inhibiting 

more culturally appropriate and meaningful analyses. Because links between ACEs and 

psychosocial functioning tend to follow a graded dose-response relationship and to remain 

consistent with previous literature (Felitti et al., 1998), participants’ scores were coded 

into categories according to low= 0-1 ACEs, moderate= 2-3 ACEs, high= 4+ ACEs. 

On average, participants reported experiencing 3 ACEs (M = 3.02, SD = 2.62) prior to 

adulthood, and total scores ranged from 0 to 9. Examination by type of ACEs showed 

that 46% of participants reported experiencing at least one instance of abuse, 40% reported 

experiencing at least one instance of neglect, and 78% reported experiencing at least one 

instance of household dysfunction. Results from Analysis of Variance (ANOVA) examining 

mean differences in study variables according to ACEs categories indicated that participants 

reporting High ACEs (4+) had greater sleep difficulties at 6- and 16-weeks postpartum, 

reported more infant sleep problems at 6-weeks postpartum, and reported more depressive 

symptoms during pregnancy and at 6- and 16-weeks postpartum (Table 2). Further, when 

examined by ACEs type (i.e., abuse, neglect, household dysfunction), ANOVA results (not 

reported) showed mothers with specific histories of abuse, and less consistently neglect, 

were more likely to report maternal and infant sleep difficulties and depressive symptoms, 

relative to participants without such exposure. No statistically significant differences across 

study variables were found between those with and without household dysfunction ACEs.

Mean scores over time suggested that maternal sleep disturbances and depressive symptoms 

were slightly higher for the majority of study participants at 30-weeks gestation, but that 

sleep problems and depressive symptoms declined during the postpartum for participants 

with Low and Moderate ACEs, whereas participants with High ACEs maintained elevated 

symptoms over time. Overall, the study sample reported low to moderate symptoms of 

depression on average. Approximately 10.9% of the sample reported clinically significant 

symptoms of depression during pregnancy (scores ≥ 15), 14.6% reported clinically 

significant symptoms of depression at 6-weeks postpartum (scores ≥ 13), and 22.2%. 

reported clinically significant symptoms of depression at 16-weeks postpartum (scores 

≥ 13). Participants with High ACEs accounted for two-thirds of those with clinically 

elevated prenatal symptoms, and 100% of clinically elevated symptoms at 6- and 16-weeks 

postpartum.
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Simple correlations among the variables appear in Table 3. Sleep difficulties were positively 

correlated over time for both mothers and infants, and there were significant positive 

correlations between infant sleep difficulties at 6-weeks and maternal sleep difficulties at 

each measurement point. Infant sleep problems at 6-weeks were positively correlated with 

infant negative reactivity at 16-weeks. Infant orienting had a small, negative correlation 

with infant sleep at 6-weeks. Prenatal and 6-week postpartum depressive symptoms were 

highly correlated (r = .71), and both similarly correlated with maternal and infant sleep 

variables. Total scores for abuse- and neglect-type ACEs were positively associated with 

both maternal and infant sleep difficulties and depressive symptoms at 6-weeks, whereas 

abuse-type ACEs were also associated with maternal sleep and depressive symptoms during 

pregnancy. Total score for household dysfunction only had small positive associations with 

maternal postpartum sleep problems (see Table 3). Due to small cell sizes for types of ACEs, 

total ACE scores were used in subsequent analyses.

3.2 Path analysis

Path analysis using Mplus 8.0 (Muthén & Muthén, 1998-2017) was used to examine 

the mediating roles of maternal prenatal sleep difficulties, maternal sleep difficulties at 

6-weeks postpartum, and infant sleep at 6-weeks postpartum on the relationship between 

maternal ACEs and infant negative reactivity at 16-weeks postpartum. Maternal race (white 

= reference), level of education, infant sex (0 = female; 1 = male), and infant sleep problems 

at 16-weeks were included as covariates in the model as well as correlations between 

infant sleep problems at 6- and 16-weeks, and among the exogenous predictors (ACEs, 

race, education, 16-week infant sleep problems). Preliminary analyses examined prenatal 

and 6-week postpartum depressive symptoms as predictors of maternal sleep difficulties 

at 6- and 16-weeks postpartum, infant sleep problems at 6-weeks, and infant negative 

reactivity at 16-weeks, as well as 16-week postpartum depressive symptoms as a predictor of 

infant negative reactivity at 16-weeks. Across all preliminary analyses examining maternal 

depressive symptoms, the only significant path coefficient was the association between 

6-week maternal depressive symptoms and concurrent 6-week maternal sleep problems (b = 

.37, SE = .14, p < .01). However, excluding 6-week maternal depressive symptoms slightly 

improved model fit and made model interpretation more parsimonious, and thus maternal 

depressive symptoms was dropped in the final model.

Overall, the fit indices for the final model presented in Figure 1 indicated acceptable fit 

(Hooper et al., 2008; Asparouhov & Muthén, 2018), χ2 = 15.7 (16), p = .47; RMSEA = .00 

(90% CI[.00, .11]; CFI = 1.0; and SRMR = .09. The model predicted 80% of the variance 

in infant negative reactivity, 20% of the variance in infant sleep problems at 6-weeks, 44% 

of the variance in maternal sleep problems at 6-weeks, and 6% of the variance in maternal 

sleep problems during pregnancy, according to R2. See Table 4 for complete model results.

Maternal sleep problems at 6-weeks and infant sleep problems at 6-weeks were found to 

be significant mediators in the association between maternal ACEs and infant negativity 

reactivity, indirect effect = 0.06, 95% CI = [.002, .15] (Table 4). Results also indicated 

a second mediated pathway, with maternal sleep problems at 6-weeks and infant sleep 

problems at 6-weeks mediating the association between maternal sleep problems during 
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pregnancy and infant negativity reactivity, indirect effect = 0.06, 95% CI = [.003, .13] (Table 

4). Finally, infant sleep problems at 6-weeks mediated the association between maternal 

sleep problems at 6-weeks and infant negativity reactivity, indirect effect = 0.10, 95% CI = 

[.01, .20] (Table 4).

4. Discussion

Findings from the current study indicated that maternal adverse childhood experiences 

and prenatal sleep problems were independently associated with the emergence of infant 

negative reactivity at four months of age, with significant indirect effects through maternal 

and infant sleep problems at 6-weeks postpartum. That is, infants were more likely to 

develop sleep difficulties and show more negative reactivity if their mother had a history of 

ACEs, and/or experienced sleep problems during pregnancy and postpartum. These findings 

provide evidence for early infant sleep as an indicator of and a risk factor for emerging 

difficult temperament and for maternal sleep as a potential mechanism that influences infant 

neurodevelopment.

4.1 Infant sleep and negative reactivity

Infant sleep problems at 6-weeks appear to be a highly predictive precursor to infant 

negative reactivity at 16-weeks, which is consistent with previous research linking early 

sleep regulation to later neurobehavioral outcomes like irritable and negative temperament 

(Sadeh et al., 1994; Spruyt et al., 2008). Interestingly, although infant sleep problems were 

highly correlated between 6- and 16-weeks, infant sleep problems at 16-weeks (concurrent) 

only had a small but nonsignificant association with infant negative reactivity. At 6-weeks, 

infants do not yet have an established circadian rhythm and tend to only sleep for short 

periods of time (0.5-2 hours on average; Mindell et al., 2016), whereas consolidation of 

sleep often begins between 3-4 months, with distinct consolidation of nighttime sleep and a 

circadian pattern by six months (Mindell et al., 2016; Henderson et al., 2010). In our sample, 

mother-reported infant sleep problems declined significantly from 6- to 16-weeks, which 

may reflect this emerging sleep consolidation and typical neurobiological maturation.

With mothers reporting general improvements in infant sleep overall, even among infants 

with persistently higher sleep problems, it seems reasonable that sleep would be less 

associated with maternal perceptions of negative reactivity as infants age, which is 

consistent with research examining early regulatory problems in infants older than three 

months of age (Sidor et al., 2017). Thus, although infant sleep in the first 2-3 months is 

highly variable and characterized by short durations, it seems that relative elevations in 

sleep problems during this period may be an early marker of neurobiological dysregulation 

that reflects an innate predisposition to negative reactivity or may foster negative reactivity 

through a cycle of insufficient sleep. With evidence that sleep-wake patterns and infant 

temperament may reflect similar aspects of infant biological maturity and organization 

(Morales-Muñoz et al., 2020; Spruyt et al., 2008), infant sleep problems warrant further 

investigation as a predictor of negative affect and the emergence of more difficult 

temperamental traits. More frequent measurement of infant sleep and sleep trajectories 

across infancy and toddlerhood, as well as studies with sleep interventions, may help to 
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disentangle environmentally-driven sleep-related regulatory problems from neurobiological 

predisposition.

4.2 Effects of maternal sleep problems

For the majority of the sample, sleep problems were elevated during pregnancy and declined 

to relatively stable levels from 6- to 16-weeks, suggesting that pregnancy-related discomfort 

and associated disruptions in sleep were likely common in the third-trimester (Hayase 

et al., 2014). Although the majority of women had fewer sleep problems postpartum, 

possibly returning closer to their typical baseline levels, it is notable that elevated prenatal 

sleep problems that persisted at 6-weeks postpartum were associated with infant sleep 

problems and negative reactivity. Notably, there was a prospective, indirect path from 

prenatal sleep problems to mother and infant sleep problems at 6-weeks and infant negative 

reactivity at 16-weeks, suggesting maternal prenatal sleep may be an important factor that 

contributes to early sleep regulation and emergence of negative reactivity, with implications 

for prenatal programming research. That is, chronic sleep disruption during pregnancy may 

reflect underlying neurobiological dysregulation (Buss et al., 2017; Levenson et al., 2015; 

McEwen, 2006), and may be an important pathway for prenatal programming.

At 6-weeks postpartum, our data showed that infant sleep problems were strongly associated 

with maternal sleep problems, which may reflect a shared genetic or neurobiological 

predisposition to sleep dysregulation (Kocevska et al., 2021), or may also reflect the 

influence of the shared postnatal environment and maternal behavior, including maternal 

sleep behavior, maternal attunement, and emotionality (Field, 2017). For example, there 

is evidence that maternal characteristics may be influencing infant sleep patterns, with 

reports of elevated maternal stress being associated with concurrent infant sleep problems 

(van den Huevel et al., 2021; McQuillan et al., 2019), and data showing that by 2-weeks 

postpartum, infants of mothers with depression had greater sleep difficulties that persisted 

across six months (Armitage et al., 2009). Additionally, Burdayron and colleagues (2021b) 

reported that by six months postpartum, high levels of maternal depression in the context 

of high levels of infant negative affectivity contributed to mothers’ perceptions of infant 

sleep problems, independent of objective measures of infant sleep duration and awakenings, 

suggesting that maternal mental health may be particularly important to consider when 

examining infant sleep problems and difficult temperament. However, it should be noted that 

these previous studies did not include independent reports of maternal sleep difficulties, and 

it may be possible that the negative influence of maternal depression or stress is driven in 

part by disruptions in maternal sleep.

Our preliminary analyses included maternal depressive symptoms as a covariate that was 

ultimately excluded from the final model due to reduced model fit and a limited impact 

on primary study variables. In the preliminary analyses, maternal depressive symptoms at 6-

weeks (but not prenatally) and prenatal sleep problems both had unique associations with 6-

week maternal sleep problems, suggesting that although sleep dysregulation and depressive 

symptoms likely share underlying etiology, they may reflect independent pathways for 

postpartum sleep disruption, at least in our limited data.
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4.3 Effects of maternal adversity

Consistent with previous work on the intergenerational transmission of adversity, our 

findings suggest that maternal experiences, such as those that occur during childhood 

and pregnancy, can have downstream consequences for offspring via biological and 

neurodevelopmental mechanisms (Buss et al., 2017). Interestingly, mothers with high ACEs 

reported significantly more sleep problems at 6- and 16-weeks postpartum compared to 

mothers with low to moderate ACEs who had notable improvements in sleep postpartum, 

suggesting that mothers with high ACEs exposure may be at particular risk for chronic sleep 

problems (as well as depressive symptoms, which followed a similar pattern in our data) 

(Miller-Graff & Cheng, 2017; Paulson & Miller-Graff, 2019).

There is considerable evidence that ACEs are associated with increased rates of stress and 

stress-related difficulties and that early life experiences are relevant for pregnancy-related 

outcomes and perinatal well-being (Buss et al., 2017). Several studies document altered 

HPA-axis and immune functioning associated with ACEs exposure (Danese & McEwen, 

2012; Danese et al., 2009; Jaffee & Christian, 2014; Nurius et al., 2015), and the current 

study suggests that associated alterations in sleep regulation may also reflect ACEs-related 

neurobiological dysregulation for both mothers and infants (Hairston et al., 2011; Kajeepeta 

et al., 2015;). This may be particularly true for those who experience abuse-type, or threat-

based, ACEs, as there is research showing that exposure to abuse, relative to neglect or 

household dysfunction, is associated with heightened physiological reactivity, dysregulated 

emotion regulation, and enhanced fear learning (Grasso et al., 2020; Milojevich et al., 

2019), which are factors also associated with sleep disturbances (Gruber & Cassoff, 2014). 

Moreover, several studies report other psychological and behavioral factors associated with 

ACEs that may also contribute to the emergence or maintenance of sleep problems. For 

instance, risky health behaviors, such as substance use and smoking can influence sleep 

health (Anda et al., 2006). Importantly, the current results specify interrelated pathways 

of maternal childhood adversity and perinatal sleep disturbances that may help inform 

future research on neurobehavioral dysregulation in early infancy and emerging difficult 

temperament from a prenatal programming perspective (Barker 1998; Buss et al., 2017; 

Gillman, 2005; Talge et al., 2007).

In utero exposure to dysregulated maternal stress reactivity, which has been associated with 

both history of ACEs and chronic disruptions in sleep, is hypothesized to program or alter 

infant neurodevelopment and subsequent physiological stress reactivity (Buss et al., 2017; 

Monk et al., 2019), which may contribute to sleep difficulties in early infancy as well as 

predispose infants to negative reactivity and difficult temperament (Sidor et al., 2017; Talge 

et al., 2007). Research on maternal prenatal stress and depression has pointed to infant 

neurobehavioral reactivity, including physiological stress reactivity and temperament, as a 

key mechanism or underlying risk factor associated with prenatal programming and the 

emergence of infant sleep problems (Field, 2017; Dias & Figueiredo, 2020; Kim et al., 

2020; O’Connor et al., 2007). In our data, there is evidence for continuity in sleep problems 

over time for both mothers (starting in pregnancy) and their infants, which may reflect this 

programmed underlying neurobehavioral dysregulation, or in turn, is also consistent with 

research that characterizes sleep problems as chronic stressors that can activate allostasis, 
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leading to persistent cycles of disrupted sleep and stress activation (Levenson et al., 2015; 

McEwen, 2006; Palagini et al., 2014). Together, these findings provide supportive evidence 

to examine neurobiological correlates of stress reactivity and sleep in future research to 

determine whether sleep dysregulation during pregnancy and postpartum may be a marker 

of, or trigger for, underlying physiological dysregulation, including HPA axis functioning 

(Bublitz et al., 2018; Davis et al., 2007).

Of course, there are many other stressors that could prospectively or concurrently contribute 

to the onset of sleep problems, leading to a cycle of hyperarousal and chronic sleep 

disturbance, including stressful life events, interpersonal conflict, and depression or anxiety 

(Chapman et. al., 2011; Drake et al., 2014). Our sample included a racially diverse, 

economically disadvantaged demographic that may have higher exposure to psychosocial 

stressors linked to sleep disturbances, like racism or financial instability (Hicken et al., 2013; 

Okun et al., 2014). Even though data from our small sample showed that maternal race 

and education were not associated with maternal ACEs, maternal or infant sleep, or infant 

temperament, previous studies suggest that many types of adversity are disproportionately 

distributed across race/ethnicity and income, with families of color and those living in 

poverty facing an unbalanced burden of adversity, as well as notably higher prevalence 

of ACEs in among racially marginalized groups like non-Hispanic Black Americans and 

Native Americans/Alaska Natives (Goldstein et al., 2020; Nurius et al., 2012). As such, the 

relationship between pregnancy, sleep, and race/ethnicity is complex, and recent evidence 

suggests the association between pregnancy and sleep may differ by race/ethnicity (Feinstein 

et al., 2020). Further, adverse environmental conditions, such as living in poverty, are 

associated with reduced opportunities to obtain sufficient sleep and may compromise sleep 

quality (Okun et al., 2014). Thus, although our sample did not indicate differences by race 

or social class, it is important to consider the interrelatedness of racial and social health 

disparities and chronic sleep disturbances and further examine these associations in larger, 

more diverse populations.

4.4 Strengths, Limitation, and Future Directions

The current study had several strengths including being a prospective longitudinal study 

that examined ACEs and sleep difficulties among a sample of racially diverse, economically 

disadvantaged, and medically underserved mothers and infants. Notably, our study included 

multiple assessment points from pregnancy into postpartum, documenting sleep through 

the transition to motherhood and in early infancy, which is currently lacking within the 

literature.

Although the present study has notable strengths, it is not without limitations. Our small 

sample size and attrition over time resulted in low power to detect effects, particularly of 

smaller estimates like indirect effects. Confidence in our reported results is bolstered by 

several factors despite limited power: the hypothesized model was based on previously 

described, empirically-supported associations among all study variables; the data were 

collected using validated scales with good internal reliability; participants were measured 

at multiple time points within a narrow perinatal timeframe; effect sizes and associations 

were consistent across analyses (i.e., correlation, ANOVA, path analysis); and in follow-up 
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analyses, the primary and indirect effects reported in Fig. 1 were replicated using PROCESS 

in SPSS. Further, research on sample size requirements for common types of SEMs showed 

that a sample size of n = 50 had sufficient power (86%) to analyze primary single-indicator 

direct relationships of interest showing moderate to large effects (Wolf, Harrington, Clark, 

& Miller, 2013), which provides some support for examining primary relationships of 

interest in our data. Of course, caution should be used when interpreting or generalizing 

our results in light of the issue of low power, and the findings examined in the context of 

previous research. These findings provide important preliminary evidence in understanding 

the role of maternal adversity and perinatal sleep disturbance in the intergenerational 

transmission of adversity, and these estimates will be helpful for researchers planning 

similar intergenerational studies so that they may have adequately powered study designs. 

Future research would benefit from larger sample sizes with variability in ACE scores that 

would allow a more detailed analysis according to types of ACE exposure (Milojevich et al., 

2019), and extra efforts for participant engagement should be made to minimize attrition.

Additionally, data were self-reported, which may have contributed to recall bias or lack 

of comfortability with reporting past experiences and be may be confounded by mood. Self-

report data specific to maternal and infant sleep difficulties may be particularly vulnerable to 

biased reporting, as there is evidence that maternal perceptions of infant behavior and sleep 

are influenced by maternal mood symptoms (Burdayron et al., 2021b). Thus, future research 

would benefit from assessing sleep using objective measures of sleep, like actigraphy, 

wearable biosensors, or video recordings, in addition to self-report, to provide a less biased 

and comprehensive examination of infant and maternal sleep patterns. Further, infant sleep 

was not measured earlier than 6-weeks, and data on infant sleep, temperament, and behavior 

was not examined beyond 16-weeks, capturing only a limited timeframe of development 

that may miss important patterns in infant regulation that may emerge earlier in infancy or 

later during and beyond the first year. Importantly, to support the hypothesized theory that 

sleep problems and negative reactivity may reflect underlying neurobiological dysregulation 

and that sleep may play a role in prenatal programming of stress reactivity, future research 

should include biomarkers of stress reactivity, including HPA-axis functioning (Bublitz et 

al., 2018; Davis et al., 2007).

Lastly, our final model did not include a measure of maternal psychopathology. Preliminary 

analyses examining prenatal and 6-week maternal depressive symptoms showed overlapping 

variance among maternal ACEs, depressive symptoms, and sleep problems that complicated 

model interpretation and reduced the fit. However, it seemed that depressive symptomology 

pulled variance from ACEs more so than sleep, suggesting that depressive symptoms may 

be closely tied to ACEs-related alterations in neurobiological functioning (Danese et al., 

2009; Teicher et al., 2013). In turn, sleep disturbances during pregnancy/postpartum may 

likely stem from multiple factors, and reflect a somewhat independent pathway that is 

important for infant sleep and social-emotional development (Chang, 2010; McQuillan et 

al., 2019). Given that prenatal stress and depression have implications for neurobehavioral 

reactivity (Field, 2011), as well as sleep regulation (McQuillan et al., 2019), future research 

would benefit from a more thorough examination of maternal stress, anxiety, and depression 

in relation to infant sleep problems and negative reactivity. Future studies should also 

collect data on complications associated with pregnancy and childbirth, as risk for perinatal 
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complications have been associated with maternal ACEs (Ciciolla et al., 2021) and linked 

with disruptions in sleep and neurobiological dysregulation (Chang et al., 2010).

4.5 Practical Implications

Our findings underscore the importance of perinatal screening for sleep problems and known 

risk factors, such as ACEs, to help to identify mothers who may benefit from targeted 

support and intervention. Our data supports the literature suggesting the importance of 

screening for ACEs during prenatal care visits and aligns with findings from Flanagan and 

colleagues (2018) on the feasibility and acceptability of this practice. Further, screening 

for sleep problems into the postpartum for both mothers and their infants is especially 

important, given that chronic sleep problems can be seen as “normative” and several 

maternal health care needs go unmet during the first few months following birth or into 

the “fourth trimester” (Tully et al., 2017).

Our findings also demonstrate the importance of characterizing prenatal sleep problems as 

a unique risk factor that may influence infant sleep and infant temperament. Addressing 

prenatal sleep problems may also prevent subsequent difficulties such as the emergence 

of infant sleep problems and more difficult temperamental traits. For example, there is 

evidence that interventions like the Sleep Enhancement Training System for Pregnancy, an 

evidence-based cognitive-behavioral training program, may help to reduce chronic sleep 

disturbance by improving duration and quality of sleep during late pregnancy and into 

early postpartum (Lee et al., 2016). Addressing psychosocial functioning and maternal 

sleep during pregnancy, particularly among women with high ACEs, may be a target of 

intervention to improve maternal and infant sleep health during the postpartum, and reduce 

the risk for difficult temperament among infants.

Acknowledgements

This work was supported through pilot funding through the Center for Integrated Research on Child Adversity 
(CIRCA) and the National Institute of General Medical Sciences (NIGMS) of the National Institutes of Health 
under Award Number P20GM109097 awarded to Ciciolla.

References

Anda RF, Felitti VJ, Bremner JD, Walker JD, Whitfield CH, Perry BD, … & Giles WH (2006). 
The enduring effects of abuse and related adverse experiences in childhood. European Archives 
of Psychiatry and Clinical Neuroscience, 256(3), 174–186. 10.1007/s00406-005-0624-4 [PubMed: 
16311898] 

Armitage R, Flynn H, Hoffmann R, Vazquez D, Lopez J, & Marcus S (2009). Early developmental 
changes in sleep in infants: The impact of maternal depression. Sleep, 32(5), 693–696. 10.1093/
sleep/32.5.693 [PubMed: 19480236] 

Asparouhov T, & Muthén B (2018). SRMR in Mplus. Technical appendix. Los Angeles, US: Muthén 
& Muthén.

Barker D (1998). In utero programming of chronic disease. Clinical Science, 95(2), 115–128. 10.1042/
cs0950115 [PubMed: 9680492] 

Bergman K, Sarkar P, O’Connor TG, Modi N, & Glover V (2007). Maternal stress during pregnancy 
predicts cognitive ability and fearfulness in infancy. Journal of the American Academy of Child & 
Adolescent Psychiatry, 46(11), 1454–1463. 10.1097/chi.0b013e31814a62f6 [PubMed: 18049295] 

Ciciolla et al. Page 15

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Bublitz MH, Bourjeily G, D'Angelo C, & Stroud LR (2018). Maternal sleep quality and 
diurnal cortisol regulation over pregnancy. Behavioral Sleep Medicine, 16(3), 282–293. 
10.1080/15402002.2016.1210147 [PubMed: 27485239] 

Burdayron R, Butler BP, Béliveau MJ, Dubois-Comtois K, & Pennestri MH (2021b). Perception of 
infant sleep problems: The role of negative affectivity and maternal depression. Journal of Clinical 
Sleep Medicine, jcsm-9188. 10.5664/jcsm.9188

Burdayron Pennestri, Keys Tomfohr-Madsen, & Giesbrecht (2021a) 142 Prenatal sleep quality and 
infant sleep: A longitudinal study. Sleep, 44, A58–A59. 10.1093/sleep/zsab072.141

Burnham MM, Goodlin-Jones BL, Gaylor EE, & Anders TF (2002). Nighttime sleep-wake patterns 
and self-soothing from birth to one year of age: a longitudinal intervention study. The Journal of 
Child Psychology and Psychiatry, 43(6), 713–725. 10.1111/1469-7610.00076 [PubMed: 12236607] 

Buss C, Entringer S, Moog NK, Toepfer P, Fair DA, Simhan HN, Heim CM, & Wadhwa PD (2017). 
Intergenerational transmission of maternal childhood maltreatment exposure: Implications for fetal 
brain development. Journal of the American Academy of Child and Adolescent Psychiatry, 56(5), 
373–382. 10.1016/j.jaac.2017.03.001 [PubMed: 28433086] 

Camerota M, Propper CB, & Teti DM (2019). Intrinsic and extrinsic factors predicting infant sleep: 
Moving beyond main effects. Developmental Review, 53, 100871. 10.1016/j.dr.2019.100871

Chang JJ, Pien GW, Duntley SP, & Macones GA (2010). Sleep deprivation during pregnancy and 
maternal and fetal outcomes: Is there a relationship? Sleep Medicine Review, 14(2), 107–114. 
10.1016/j.smrv.2009.05.001

Chen IY, Glynn LM, & Benca RM (2020). 0329 Poor prenatal sleep and postpartum depression are 
associated with infant sleep problems. Sleep, 43, A125. 10.1093/sleep/zsaa056.326

Chapman DP, Wheaton AG, Anda RF, Croft JB, Edwards VJ, Liu Y, … & Perry GS (2011). Adverse 
childhood experiences and sleep disturbances in adults. Sleep Medicine, 12(8), 773–779. 10.1016/
j.smrv.2009.05.001 [PubMed: 21704556] 

Ciciolla L, Tiemeyer S, & Shreffler K (2021). Maternal childhood adversity as a risk for perinatal 
complications and NICU hospitalization. Journal of Pediatric Psychology, 46, Invited Special Issue 
on Young Children, 801–813. 10.1093/jpepsy/jsab027

Cicchetti D, & Valentino K (2006). An ecological-transactional perspective on child maltreatment: 
Failure of the average expectable environment and its influence on child development. In Cicchetti 
D, & Cohen DJ (Eds.), Developmental Psychopathology, Vol 3: Risk, Dsorder, and Adaptation, 
2nd ed., pp. 129–201. Hoboken, NJ: John Wiley.

Cox JL, Holden JM, and Sagovsky R (1987). Detection of postnatal depression: Development of 
the 10-item Edinburgh Postnatal Depression Scale. British Journal of Psychiatry 150:782–786. 
10.1192/bjp.150.6.782

Danese A, Moffitt TE, Harrington H, Milne BJ, Polanczyk G, Pariante CM, … Caspi A (2009). 
Adverse childhood experiences and adult risk factors for age-related disease: depression, 
inflammation, and clustering of metabolic risk markers. Archives of Pediatrics & Adolescent 
Medicine, 163(12), 1135–1143. 10.1001/archpediatrics.2009.214 [PubMed: 19996051] 

Danese A, & McEwen BS (2012). Adverse childhood experiences, allostasis, allostatic load, and age-
related disease. Physiology & Behavior, 106(1), 29–39. 10.1016/j.physbeh.2011.08.019 [PubMed: 
21888923] 

Davis EP, Snidman N, Wadhwa PD, Glynn LM, Schetter CD, & Sandman CA (2004). Prenatal 
maternal anxiety and depression predict negative behavioral reactivity in infancy. Infancy, 6(3), 
319–331. 10.1207/s15327078in0603_1

Davis EP, Glynn LM, Schetter CD, Hobel C, Chicz-Demet A, & Sandman CA (2007). 
Prenatal exposure to maternal depression and cortisol influences infant temperament. Journal 
of the American Academy of Child & Adolescent Psychiatry, 46(6), 737–746. 10.1097/
chi.0b013e318047b775 [PubMed: 17513986] 

De Marcas GS, Soffer-Dudek N, Dollberg S, Bar-Haim Y, & Sadeh A (2015). Reactivity and sleep 
in infants: A longitudinal objective assessment. Sleep and Development: Advancing Theory and 
Research, 80(1), 49–69. 10.1111/mono.12144

Ciciolla et al. Page 16

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dias CC, & Figueiredo B (2020). Mother's prenatal and postpartum depression symptoms and infant's 
sleep problems at 6 months. Infant Mental Health Journal, 41(5), 614–627. 10.1002/imhj.21869 
[PubMed: 32589320] 

Drake CL, Pillai V, Roth T. (2014). Stress and sleep reactivity: a prospective investigation of the stress-
diathesis model of insomnia. Sleep, 37(8): 1295–304. 10.5665/sleep.3916. [PubMed: 25083009] 

Ednick M, Cohen AP, McPhail GL, Beebe D, Simakajornboon N, & Amin RS (2009). A review 
of the effects of sleep during the first year of life on cognitive, psychomotor, and temperament 
development. Sleep, 32(11), 1449–1458. 10.1093/sleep/32.11.1449 [PubMed: 19928384] 

Enders CK (2010). Applied missing data analysis. New York: Guilford press.

Feinstein L, McWhorter KL, Gaston SA, Troxel WM, Sharkey KM, & Jackson CL (2020). Racial/
ethnic disparities in sleep duration and sleep disturbances among pregnant and non-pregnant 
women in the United States. Journal of Sleep Research, 29, e13000. 10.1111/jsr.13000 [PubMed: 
32112620] 

Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, Koss MP, & Marks 
JS (1998). Relationship of childhood abuse and household dysfunction to many of the leading 
causes of death in adults: The Adverse Childhood Experiences (ACE) Study. American Journal of 
Preventive Medicine, 14(4), 245–258. 10.1016/S0749-3797(98)00017-8 [PubMed: 9635069] 

Field T (2011). Prenatal depression effects on early development: a review. Infant behavior and 
development, 34(1), 1–14. 10.1016/j.infbeh.2010.09.008 [PubMed: 20970195] 

Field T (2017). Infant sleep problems and interventions: A review. Infant Behavior and Development, 
47, 40–53. 10.1016/j.infbeh.2017.02.002 [PubMed: 28334578] 

Flanagan T, Alabaster A, McCaw B, Stoller N, Watson C, & Young-Wolff KC (2018). Feasibility and 
acceptability of screening for adverse childhood experiences in prenatal care. Journal of Women's 
Health, 27(7), 903–911. 10.1089/jwh.2017.6649

Fox NA (2004). Temperament and early experiences form social behavior. Annals of the New York 
Academy of Sciences, 1038(1), 171–178. 10.1196/annals.1315.025 [PubMed: 15838111] 

Gartstein MA, & Rothbart MK (2003). Studying infant temperament via the revised Infant Behavior 
Questionnaire. Infant Behavior and Development, 26(1), 64–86. 10.1016/S0163-6383(02)00169-8

Gillman MW (2005). Developmental origins of health and disease. The New England Journal of 
Medicine, 353(17), 1848–1850. 10.1056/NEJMe058187 [PubMed: 16251542] 

Goldsmith HH, Buss KA, & Lemery KS (1997). Toddler and childhood temperament: Expanded 
content, stronger genetic evidence, new evidence for the importance of environment. 
Developmental Psychology, 33(6), 891–905. 10.1037/0012-1649.33.6.891 [PubMed: 9383612] 

Goldsmith HH, Buss AH, Plomin R, Rothbart MK, Thomas A, Chess S, Hinde RA, & McCall RB 
(1987). Roundtable: What is temperament? Four approaches. Child Development, 58(2), 505–529. 
10.2307/1130527 [PubMed: 3829791] 

Gruber R,& Cassoff J (2014). The interplay between sleep and emotion regulation: conceptual 
framework empirical evidence and future directions. Current Psychiatry Reports, 16(11), 500. 
10.1007/s11920-014-0500-x. [PubMed: 25200984] 

Hairston IS, Waxler E, Seng JS, Fezzey AG, Rosenblum KL, & Muzik M (2011). The role of infant 
sleep in intergenerational transmission of trauma. Sleep, 34(10), 1373–1383. 10.5665/SLEEP.1282 
[PubMed: 21966069] 

Hayase M, Shimada M, & Seki H (2014). Sleep quality and stress in women with pregnancy-induced 
hypertension and gestational diabetes mellitus. Women and Birth, 27(3), 190–195. 10.1016/
j.wombi.2014.04.002 [PubMed: 24881523] 

Henderson JM, France KG, Owens JL, & Blampied NM (2010). Sleeping through the night: the 
consolidation of self-regulated sleep across the first year of life. Pediatrics, 126(5), e1081–e1087. 
10.1542/peds.2010-0976 [PubMed: 20974775] 

Hicken MT, Lee H, Ailshire J, Burgard SA, & Williams DR (2013). “Every shut eye, ain’t sleep”: 
The role of racism-related vigilance in racial/ethnic disparities in sleep difficulty. Race and Social 
problems, 5(2), 100–112. 10.1007/s12552-013-9095-9 [PubMed: 23894254] 

Hooper D, Coughlan J, & Mullen MR (2008). Structural equation modelling: guidelines for 
determining model fit. Electronic Journal of Business Research Methods 6: 53–60.

Ciciolla et al. Page 17

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Jaffee SR, & Christian CW (2014). The biological embedding of child abuse and neglect: 
Implications for policy and practice. Social Policy Report, 28(1), 3–19. Retrieved from: https://
srcd.onlinelibrary.wiley.com/doi/pdf/10.1002/j.2379-3988.2014.tb00078.x

Janson H & Mathiesen KS (2008). Temperament profiles from infancy to middle childhood: 
Development and associations with behavior problems. Developmental Psychology, 44(5), 1314–
1328. https://doi.10.1037/a0012713 [PubMed: 18793065] 

Jian N, Teti DM (2016). Emotional availability at bedtime, infant temperament, and infant sleep 
development from one to six months. Sleep Medicine, 23, 49–58. 10.1016/j.sleep.2016.07.001 
[PubMed: 27692276] 

Kajeepeta S, Gelave B, Jackson CL, & Williams MA (2015) Adverse childhood experiences are 
associated with adult sleep disorders: a systematic review. Sleep Medicine, 16(3), 320–330. 
10.1016/j.sleep.2014.12.013 [PubMed: 25777485] 

Kaley F, Reid V, & Flynn E (2012). Investigating the biographic, social and temperamental correlates 
of young infants’ sleeping, crying and feeding routines. Infant Behavior and Development, 35(3), 
596–605. 10.1016/j.infbeh.2012.03.004 [PubMed: 22739022] 

King S & LaPlante DP (2005). The effects of prenatal maternal stress on children’s cognitive 
development: Project Ice Storm. Stress, 8(1), 35–45. https://10.1080/10253890500108391 
[PubMed: 16019596] 

Kim Y, Bird A, Peterson E, Underwood L, Morton SM, & Grant CC (2020). Maternal antenatal 
depression and early childhood sleep: potential pathways through infant temperament. Journal of 
Pediatric Psychology, 45(2), 203–217. 10.1093/jpepsy/jsaa001 [PubMed: 32053187] 

Kocevska D, Barclay NL, Bramer WM, Gehrman PR, & Van Someren EJW (2021). Heritability of 
sleep duration and quality: A systematic review and meta-analysis. Sleep Medicine Reviews, 59, 
101448. 10.1016/j.smrv.2021.101448 [PubMed: 33636423] 

Lee KA, Gay CL, & Alsten CR (2016). Sleep enhancement training for pregnant women. Obstetrics 
and gynecology, 128(5), 964–971. 10.1097/AOG.0000000000001654 [PubMed: 27741179] 

Levenson JC, Kay DB, & Buysse DJ (2015). The pathophysiology of insomnia. Chest, 147(4), 1179–
1192. 10.1378/chest.14-1617 [PubMed: 25846534] 

Levine DW, Lewis MA, Bowen DJ, Kripke DL, Kaplan RM, Naughton MJ, & Shumaker SA 
(2003). Reliability and validity of Women's Health Initiative Insomnia Rating Scale. Psychological 
Assessment, 15(2), 137. 10.1037/1040-3590.15.2.137 [PubMed: 12847774] 

MacKinnon DP, Lockwood CM, & Williams J (2004). Confidence limits for the indirect effect: 
Distribution of the product and resampling methods. Multivariate Behavioral Research, 39(1), 
99–128. 10.1207/s15327906mbr3901_4 [PubMed: 20157642] 

Matthey S, Henshaw C, Elliott S, & Barnett B (2006). Variability in use of cut-off scores and formats 
on the Edinburgh postnatal depression scale – implications for clinical and research practice. 
Archives of Women’s Mental Health. 9(6):309–15. 10.1007/s00737-006-0152-x

McEwen BS, & Stellar E (1993). Stress and the individual: Mechanisms leading to disease. Archives 
of Internal Medicine, 153(18), 2093–2101. 10.1001/archinte.1993.00410180039004 [PubMed: 
8379800] 

McEwen BS (2006). Sleep deprivation as a neurobiologic and physiologic stressor: allostasis and 
allostatic load. Metabolism, 55, S20–S23. 10.1016/j.metabol.2006.07.008

McDonnell CG, & Valentino K (2016). Intergenerational effects of childhood trauma: evaluating 
pathways among maternal ACEs, perinatal depressive symptoms, and infant outcomes. Child 
Maltreatment, 21(4), 317–326. 10.1177/1077559516659556 [PubMed: 27457410] 

McQuillan ME, Bates JE, Staples AD, & Deckard KD (2019). Maternal stress, sleep, and parenting. 
Journal of Family Psychology, 33(3), 349–359. https://10.1037/fam0000516 [PubMed: 30762410] 

Miller-Graff LE, & Cheng P (2017). Consequences of violence across the lifespan: Mental health and 
sleep quality in pregnant women. Psychological Trauma: Theory, Research, Practice, and Policy, 
9(5), 587. https://doi/10.1037/tra0000252 [PubMed: 28114773] 

Milojevich HM, Norwalk KE, Sheridan MA, 2019. Deprivation and threat, emotion dysregulation, and 
psychopathology: concurrent and longitudinal associations. Developmental Psychopathology, 31 
(3), 847–857. 10.1017/S0954579419000294.

Ciciolla et al. Page 18

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://srcd.onlinelibrary.wiley.com/doi/pdf/10.1002/j.2379-3988.2014.tb00078.x
https://srcd.onlinelibrary.wiley.com/doi/pdf/10.1002/j.2379-3988.2014.tb00078.x
https://doi.10.1037/a0012713
https://10.1080/10253890500108391
https://10.1037/fam0000516
https://doi/10.1037/tra0000252


Mindell JA, Cook RA, &Nikolovski J (2015). Sleep patterns and sleep disturbances across pregnancy. 
Sleep Medicine, 16(4), 483–488. 10.1016/j.sleep.2014.12.006 [PubMed: 25666847] 

Mindell JA, Leichman ES, Composto J, Lee C, Bhullar B, & Walters RM (2016). Development of 
infant and toddler sleep patterns: real-world data from a mobile application. Journal of sleep 
research, 25(5), 508–516. 10.1111/jsr.12414 [PubMed: 27252030] 

Mindell JA, Leichman ES, DuMond C, & Sadeh A (2017). Sleep and social-emotional development 
in infants and toddlers. Journal of Clinical Child & Adolescent Psychology, 46(2), 236–246. 
10.1080/15374416.2016.1188701 [PubMed: 27492858] 

Monk C, Lugo-Candelas C, & Trumpff C (2019). Prenatal developmental origins of future 
psychopathology: Mechanisms and pathways. Annual Review of Clinical Psychology, 15, 317–
344. 10.1146/annurev-clinpsy-050718-095539

Morales-Muñoz I, Nolvi S, Virta M, Karlsson H, Paavonen EJ, & Karlsson L (2020). The longitudinal 
associations between temperament and sleep during the first year of life. Infant Behavior and 
Development, 61, 101485. 10.1016/j.infbeh.2020.101485 [PubMed: 32956980] 

Morrell JM (1999). The infant sleep questionnaire: a new tool to assess infant sleep problems 
for clinical and research purposes. Child Psychology and Psychiatry Review, 4(1), 20–26. 
10.1111/1475-3588.00246

Mueller RO, & Hancock GR (2008). Best practices in structural equation modeling. Best practices in 
quantitative methods, 488508.

Muthén LK, & Muthén BO (2017). Mplus Statistical Analysis with Latent Variables User's Guide 
(Version 8). Los Angeles, CA: Authors.

Newland RP, Parade SH, Dickstein S, & Seifer R (2016). Goodness of fit between prenatal maternal 
sleep and infant sleep: Associations with maternal depression and attachment security. Infant 
Behavior and Development, 44, 179–188. 10.1016/j.infbeh.2016.06.010 [PubMed: 27448324] 

Nielsen JD & Olino TM (2019). Reactive and regulatory temperament: Longitudinal associations 
with internalizing and externalizing symptoms through childhood. Journal of Abnormal Child 
Psychology, 47(11), 1771–1784. 10.1007/s10802-019-00555-0 [PubMed: 31076976] 

Nurius PS, Green S, Logan-Greene P, & Borja S (2015). Life course pathways of adverse childhood 
experiences toward adult psychological well-being: A stress process analysis. Child Abuse & 
Neglect, 45, 143–153. 10.1016/j.chiabu.2015.03.008 [PubMed: 25846195] 

Nurius PS, Logan-Greene P, & Green S (2012). Adverse childhood experiences (ACE) within a 
social disadvantage framework: Distinguishing unique, cumulative, and moderated contributions 
to adult mental health. Journal of prevention & intervention in the community, 40(4), 278–290. 
10.1080/10852352.2012.707443 [PubMed: 22970781] 

O'Connor TG, Caprariello P, Blackmore ER, Gregory AM, Glover V, Fleming P, & ALSPAC 
Study Team. (2007). Prenatal mood disturbance predicts sleep problems in infancy and 
toddlerhood. Early Human Development, 83(7), 451–458. 10.1016/j.earlhumdev.2006.08.006 
[PubMed: 17008033] 

Okun ML, Roberts JM, Marsland AL, & Hall M (2009). How disturbed sleep may be a risk factor 
for adverse pregnancy outcomes. Obstetrical & gynecological survey, 64(4), 273–280. 10.1097/
OGX.0b013e318195160e [PubMed: 19296861] 

Okun ML, Kline CE, Roberts JM, Wettlaufer B, Glover K, & Hall M (2013). Prevalence of sleep 
deficiency in early gestation and its associations with stress and depressive symptoms. Journal of 
Women's Health, 22(12), 1028–1037. 10.1089/jwh.2013.4331

Okun ML, Tolge M, & Hall M (2014). Low socioeconomic status negatively affects sleep in 
pregnant women. Journal of Obstetric, Gynecologic & Neonatal Nursing, 43(2), 160–167. 
10.1111/1552-6909.12295

Palagini L, Gemignani A, Banti S, Manconi M, Mauri M, & Riemann D (2014). Chronic sleep loss 
during pregnancy as a determinant of stress: Impact on pregnancy outcome. Sleep Medicine, 15(8), 
853–859. 10.1016/j.sleep.2014.02.013 [PubMed: 24994566] 

Paulson JL, & Miller-Graff L (2019). Prenatal sleep quality and mental health symptoms across the 
perinatal period: A longitudinal study of high-risk women. Journal of Psychosomatic Research, 
116, 31–36. 10.1016/j.jpsychores.2018.11.011 [PubMed: 30654991] 

Ciciolla et al. Page 19

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pien GW, & Schwab RJ (2004). Sleep disorders during pregnancy. Sleep, 27(7), 1405–1417. 10.1093/
sleep/27.7.1405 [PubMed: 15586794] 

Putnam SP, Rothbart MK, & Gartstein MA (2008). Homotypic and heterotypic continuity of 
fine-grained temperament during infancy, toddlerhood, and early childhood. Infant and Child 
Development, 17, 387–405. 10.1002/ICD.582

Racine N, Devereaux C, Cooke JE et al. Adverse childhood experiences and maternal anxiety and 
depression: a meta-analysis. BMC Psychiatry, 21, 28. 10.1186/s12888-020-03017-w

Razza RA, Martin A, & Brooks-Gunn J (2012). Anger and children’s socioemotional development: 
Can parenting elicit a positive side to a negative emotion? Journal of Child and Family Studies, 21, 
845–856. 10.1007/s10826-011-9545-1

Rothbart MK, & Putnam SP (2002). Temperament and socialization. In Pulkkinen L, & Caspi 
A (Eds.), Paths to successful development: Personality in the life course; Paths to successful 
development: Personality in the life course (pp. 19–45, Chapter x, 422 Pages). Cambridge 
University Press, New York, NY. 10.1017/CBO9780511489761.002

Rothbart MK & Ahadi SA (1994). Temperament and the development of personality. Journal of 
Abnormal Psychology, 103(1), 55–66. 10.1037/0021-843X.103.1.55 [PubMed: 8040481] 

Sadeh A, Lavie P, & Scher A (1994). Sleep and temperament: Maternal perceptions of 
temperament of sleep-disturbed toddlers. Early Education and Development, 5(4), 311–322. 
10.1207/s15566935eed0504_6

Sadeh A, Tikotzky L, & Scher A (2010). Parenting and infant sleep. Sleep Medicine Review, 14(2), 
89–96. 10.1016/j.smrv.2009.05.003

Scher A, Tirosh E, & Lavie P (1998). The relationship between sleep and temperament revisited: 
Evidence for 12-month-olds: A research note. Journal of Child Psychology and Psychiatry, 39(5), 
785–788. 10.1017/S0021963098002546 [PubMed: 9690941] 

Schetter CD, & Tanner L (2012). Anxiety, depression and stress in pregnancy: Implications for 
mothers, children, research, and practice. Current Opinion in Psychiatry, 25(2), 141. 10.1097/
YCO.0b013e3283503680 [PubMed: 22262028] 

Sharkey KM, Iko IN, Machan JT, Thompson-Westra J, & Pearlstein TB (2016). Infant sleep and 
feeding patterns are associated with maternal sleep, stress, and depressed mood in women with a 
history of major depressive disorder (MDD). Archives of Women’s Mental Health, 19, 209–218. 
10.1007/s00737-015-0557-5

Shiner RL, Buss KA, McClowry SG, Putnam SP, Saudino KJ, & Zentner M (2012). What 
is temperament now? Assessing progress in temperament research on the twenty-fifth 
anniversary of Goldsmith et al. (1987). Child Development Perspectives, 6(4), 436–444. 10.1111/
j.1750-8606.2012.00254.x

Sideridis G, Simos P, Papanicolaou A, & Fletcher J (2014). Using structural equation modeling to 
assess functional connectivity in the brain: Power and sample size considerations. Educational and 
Psychological Measurement, 74(5), 733–758. 10.1177/0013164414525397 [PubMed: 25435589] 

Sidor A, Fischer C, & Cierpka M (2017). The link between infant regulatory problems, temperament 
traits, maternal depressive symptoms and children’s psychopathological symptoms at age three: 
A longitudinal study in a German at-risk sample. Child and Adolescent Psychiatry and Mental 
Health, 11(1), 1–17. 10.1186/s13034-017-0148-5 [PubMed: 28077965] 

Sorondo BM & Reeb-Sutherland BC (2015). Associations between infant temperament, maternal 
stress, and infants’ sleep across the first year of life. Infant Behavior and Development, 39, 131–
135. 10.1016/j.infbeh.2015.02.010 [PubMed: 25837288] 

Spiegel K, Knutson K, Leproult R, Tasali E, & Cauter EV (2005). Sleep loss: A novel risk factor 
for insulin resistance and Type 2 diabetes. Journal of Applied Physiology, 99(5), 2008–2019. 
https://doi/abs/10.1152/japplphysiol.00660.2005 [PubMed: 16227462] 

Spruyt K, Aitken RJ, So K, Charlton M, Adamson MT, & Horne RSC (2008). Relationship between 
sleep/wake patterns, temperament and overall development in term infants over the first year of 
life. Early Human Development, 84(5), 289–296. 10.1016/j.earlhumdev.2007.07.002 [PubMed: 
17707119] 

Talge NM, Neal C, Glover V, & Early Stress, Translational Research and Prevention Science Network: 
Fetal and Neonatal Experience on Child and Adolescent Mental Health. (2007). Antenatal 

Ciciolla et al. Page 20

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi/abs/10.1152/japplphysiol.00660.2005


maternal stress and long-term effects on child neurodevelopment: how and why? Journal of 
Child Psychology and Psychiatry, 48(2-4), 245–261. 10.1111/j.1469-7610.2006.01714.x [PubMed: 
17355398] 

Teicher MH, & Samson JA (2013). Childhood maltreatment and psychopathology: A case for 
ecophenotypic variants as clinically and neurobiologically distinct subtypes. The American 
Jjournal of Psychiatry, 170(10), 1114–1133. 10.1176/appi.ajp.2013.12070957

Tikotzky L & Sadeh A (2009). Maternal sleep-related cognitions and infant sleep: A longitudinal 
study from pregnancy through the 1st year. Child Development, 80(3), 860–874. 10.1111/
j.1467-8624.2009.01302.x [PubMed: 19489908] 

Tikotzky L, Chambers AS, Gaylor E, & Manber R (2010). Maternal sleep and depressive symptoms: 
Links with infant negative affectivity. Infant Behavior and Development, 33(4), 605–612. 
10.1016/j.infbeh.2010.07.012 [PubMed: 20723998] 

Tikotzky L, Sadeh A, Volkovich E, Manber R, Meriri G, & Shahar G (2015). Infant sleep development 
from 3 to 6 months postpartum: Links with maternal sleep and paternal involvement. Sleep and 
Development: Advancing Theory and Research, 80(1), 107–124. 10.1111/mono.12147

Tully KP, Stuebe AM, & Verbiest SB (2017). The fourth trimester: a critical transition period with 
unmet maternal health needs. American Journal of Obstetrics and Gynecology, 217(1), 37–41. 
10.1016/j.ajog.2017.03.032 [PubMed: 28390671] 

van den Heuvel MI, Hect JL, Smarr BL et al. (2021). Maternal stress during pregnancy alters fetal 
cortico-cerebellar connectivity in utero and increases child sleep problems after birth. Scientific 
Reports, 11, 2228. 10.1038/s41598-021-81681-y [PubMed: 33500446] 

Weinstock M (2005). The potential influence of maternal stress hormones on development and 
mental health of the offspring. Brain, Behavior, and Immunity, 19(4), 296–308. 10.1016/
j.bbi.2004.09.006 [PubMed: 15944068] 

Weinstock M, Matlina E, Maor GI, Rosen H, & McEwen BS (1992). Prenatal stress selectively alters 
the reactivity of the hypothalamic-pituitary adrenal system in the female rat. Brain Research, 
595(2), 195–200. 10.1016/0006-8993(92)91049-K [PubMed: 1467966] 

Werner EA, Myers MM, Fifer WP, Cheng B, Fang Y, Allen R, & Monk C (2007). Prenatal predictors 
of temperament. Developmental Psychobiology, 49(5), 474–484. 10.1002/dev.20232 [PubMed: 
17577231] 

Wolf EJ, Harrington KM, Clark SL, & Miller MW (2013). Sample size requirements for structural 
equation models: An evaluation of power, bias, and solution propriety. Educational and 
Psychological Measurement, 76(6), 913–934. 10.1177/0013164413495237 [PubMed: 25705052] 

Wurmser H, Rieger M, Domogalla C, Kahnt A, Buchwald J, Kowatsch M, Kuehnert N, Buske-
Kirschlbaum A, Papoušek M, Pirke KM, & von Voss H (2006). Association between life stress 
during pregnancy and infant crying in the first six months postpartum: A prospective longitudinal 
study. Early Human Development, 82(5), 341–349. 10.1016/j.earlhumdev.2005.09.016 [PubMed: 
16472948] 

Yanıkkerem E, Altıparmak S, & Karadeniz G (2006). Review of the physical health problems 
experienced in pregnancy. Family and Community Education. Culture and Research Journal, 
3, 35–42. 10.1100/2012/197093

Ciciolla et al. Page 21

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Infant sleep problems at 6-weeks appear to be a highly predictive precursor to 

infant negative reactivity at 16-weeks.

• Mothers with high ACEs exposure may be at particular risk for chronic 

perinatal sleep problems

• Maternal ACEs and perinatal sleep are associated with infant sleep 

dysregulation and emerging difficult temperament.

• Results suggest perinatal sleep disturbance may be a key factor for 

intergenerational outcomes.
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Fig. 1. 
Path model examining maternal and infant sleep at 6 weeks postpartum as mediators. 

Analyses controlled for race, education, infant sex, and 16-week infant sleep problems. 

Statistically significant standardized path coefficients are reported. ACEs = Adverse 

childhood experiences. *p < 05; **p < .01.
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Table 1.

Sample demographic characteristics.

Variable n (%)

Age

 19-30 41 (69.5)

 31-41 18 (30.5)

Marital Status

 Married 21 (36.2)

 Cohabitating 16 (27.6)

 Single/separated/divorced/widowed 21 (36.1)

Annual Income ($US)

 < $20,000 38 (65.5)

 $21,000 – $60,000 15 (25.8)

 > $61,000 5 (8.6)

Education Level

 High school or less 32 (54.2)

 Some college/associates degrees 23 (39.1)

 Bachelor’s degree or more 4 (6.8)

Race

 White 26 (44.1)

 Black or African American 12 (20.3)

 Native American or Alaska Native 9 (15.3)

 Asian 1 (1.7)

 Biracial or Multiracial 9 (15.3)

 Other 2 (3.4)

First pregnancy 16 (27.1)
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Table 2

Descriptive statistics and mean comparisons of key study variables according to ACEs category

Total Sample 0-1 ACE 2-3 ACEs 4+ ACEs ANOVA

n = 59 n = 20 n = 14 n = 21

Variable M (SD) M (SD) M (SD) M (SD) FACES

Prenatal WHII 10.76 (4.91) 8.45 (4.12) 11.43 (6.03) 11.94 (3.99) 3.07

6-week WHII 8.36 (5.23) 5.33 (3.60) 8.43 (5.29) 11.13 (5.35) 5.84**

16-week WHII 8.89 (5.35) 5.67 (4.72) 6.00 (4.74) 13.07 (3.01) 13.36**

6-week ISQ 21.34 (10.72) 14.07 (7.10) 23.00 (11.55) 27.44 (9.44) 8.67**

16-week ISQ 14.43 (8.85) 12.67 (7.95) 14.80 (6.02) 17.20 (9.89) 0.90

16-week Infant Negative Reactivity 3.92 (1.11) 3.43 (.99) 3.64 (.53) 4.13 (1.11) 1.59

ACEs total
a 3.02 (2.62) - - - -

Prenatal EPDS 7.09 (6.22) 4.9 (4.58) 5.92 (6.8) 10.26 (6.22) 4.48*

6-week EPDS 5.85 (5.3) 2.93 (3.55) 6.25 (4.33) 8.24 (6.1) 4.65*

16-week EPDS 6.58 (7.34) 3.42 (4.32) 2.8 (1.48) 10.13 (8.63) 4.42*

Note. WHII = Women’s Health Initiative Insomnia Total Score; ISQ = Infant Sleep Questionnaire; ACEs = Adverse Childhood Experiences; EPDS 
= Edinburgh Postnatal Depression Scale

a
Total ACE scores ranged from 0 to 9.

*
p < .05

**
p < .01.
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Table 4.

Model coefficients for path analysis.

β b(SE) 95% CI

Direct Paths

 ACEs → Prenatal WHII .25 .46 (.28) [−0.08, 1.02]

 ACEs → 6wk WHII .29* .55 (.22) [.15, 1.03]

 ACEs → Negative Reactivity −0.22 −0.11 (.08) [−0.24, .06]

 Prenatal WHII → 6wk WHII .53** .55 (.18) [.17, .83]

 Prenatal WHII → 6wk ISQ .09 .19 (.37) [−0.62, .88]

 Prenatal WHII → Negative Reactivity .42 .12 (.08) [−0.04, .26]

 6wk WHII → 6wk ISQ .39** .79 (.32) [.22, 1.5]

 6wk WHII → Negative Reactivity −0.38 −0.11 (.07) [−0.26, .05]

 6wk ISQ → Negative Reactivity .95** .13 (.04) [.04, .18]

Covariates

 Maternal Race (white) → Negative Reactivity .04 .11 (.38) [−0.61, .87]

 Maternal Education→ Negative Reactivity −0.15 −0.20 (.19) [−0.47, .29]

 16-week ISQ → Negative Reactivity −0.22 −0.04 (.03) [−0.09, .03]

 Infant sex .07 .18 (.47) [−0.75, 1.13]

Correlations

 Maternal Race (white) with Maternal Education .16 .08 (.06) [−0.04, .20]

 Maternal Race (white) with ACEs .11 .15 (.17) [−0.22, .46]

 Maternal Race (white) with 16wk ISQ −0.09 −0.38 (.61) [→1.53, .84]

 Maternal Education with ACEs −0.06 −0.16 (.41) [−1.09, .55]

 Maternal Education with 16wk ISQ .03 .25 (1.2) [−2.12, 2.57]

 ACEs with 16wk ISQ −0.03 −0.62 (3.4) [−8.06, 5.61]

 6wk ISQ with 16wk ISQ .65** 52.25 (18.8) [17.07, 91.38]

 

Mediated Paths Indirect Effects

 ACEs → 6wk WHII →6wk ISQ →Negative Reactivity .06 (.04) [.002, .15]

 Prenatal WHII→ 6wk WHII →6wk ISQ →Negative Reactivity .06 (.04) [.003, .13]

 6wk WHII →6wk ISQ →Negative Reactivity .10 (.07) [.01, .20]

Note. WHII=Women’s Health Initiative Insomnia Total Score; ISQ = Infant Sleep Questionnaire; ACEs = Adverse Childhood Experiences total 
score (range 0-9). Maternal Race (1=white; 0=Black, Native American/Alaska Native, Hispanic, Asian, Other). Infant sex (0=female; 1=male).

*
p < .05

**
p < .01.
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