Child Abuse & Neglect 122 (2021) 105306

Child Abuse
& Neglect

Contents lists available at ScienceDirect

Child Abuse & Neglect e

n = ;
ELSEVIER journal homepage: www.elsevier.com/locate/chiabuneg

Check for

Dysregulated arousal as a pathway linking childhood neglect and =t
clinical sleep disturbances in adulthood

Neda Semsar ?, Zahra Mousavi®, Mai-Lan M. Tran?, Kate R. Kuhlman *">¢"

@ Department of Psychological Science, School of Social Ecology, University of California, Irvine, Irvine, USA

Y Cousins Center for Psychoneuroimmunology, Semel Institute for Neuroscience & Human Behavior, University of California, Los Angeles, Los
Angeles, USA

¢ Institute for Interdisciplinary Salivary Bioscience Research, School of Social Ecology, University of California, Irvine, Irvine, USA

ARTICLE INFO ABSTRACT

Keywords: Background: A history of childhood maltreatment has a well-established association with clinical
Childhood maltreatment sleep disturbances in adulthood, which is a transdiagnostic contributor to many chronic diseases.
Sleep

Objective: Determine whether actigraphy-measured indices of dysregulated arousal during sleep

i;glect explain associations between abuse or neglect in childhood and clinical sleep disturbances in
use

adulthood.
Arousal

Participants and setting: Participants were 646 individuals, ages 25-83 (59.3% female) from the
MIDUS II Biomarker, Refresher studies.

Methods: Participants completed the Childhood Trauma Questionnaire, wore an actigraph for
seven days, and rated sleep quality using the Pittsburgh Sleep Quality Index (PSQI).

Results: Both neglect (b = 0.66, SE = 0.33, p = .04) and abuse (b = 1.09, SE = 0.32, p < .001) were
associated with clinical sleep disturbance. Actigraphy-measured sleep efficiency mediated the
link between neglect and clinical sleep disturbances (ab = 0.33, SE = 0.12, 95%CI [0.12, 0.57]).
However, no such link between abuse and clinical sleep disturbances was mediated by
actigraphy-measured indices. Sleep onset latency did not mediate the link between neglect or
abuse and sleep disturbance. Models covaried for other maltreatment, gender, and age.
Conclusions: While the unique associations between abuse or neglect and clinical sleep distur-
bances were robust in this sample, only sleep efficiency emerged as a mediator linking
maltreatment and clinical sleep disturbances. Critically, this mediation was specific to neglect.
Abuse and neglect may lead to disease through distinct pathways. Moreover, potential dysregu-
lation in arousal that leads to sleep inefficiency may be a specific pathway through which ex-
periences of neglect in childhood contribute to chronic disease.

Developmental psychopathology

1. Introduction

Childhood maltreatment involves an act or series of acts of commission or omission by a parent, caregiver, or another person in a
custodial role that results in potential or actual harm to a child (Centers for Disease Control and Prevention, 2021). The adverse
consequences of childhood maltreatment can persist throughout the lifespan, including depression and substance use disorders
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(Chapman et al., 2004; Norman et al., 2012), chronic physical conditions (Walker, Gelfand, et al., 1999; Walker, Unutzer, et al., 1999),
and earlier mortality (Chen et al., 2016). Sleep may be one way that maltreatment in childhood contributes to these and other health
disparities in adulthood. Sleep disturbance is a transdiagnostic risk factor and contributor to chronic diseases and additional disease
vulnerability (Irwin, 2015). Importantly, there is a well-established association between childhood adversity, including maltreatment,
and clinical sleep disturbances in adulthood (Kajeepeta et al., 2015). This is of major public health concern because childhood
maltreatment is estimated to affect up to 40% of youth in the United States (Baldwin et al., 2019; Finkelhor et al., 2009; Hussey et al.,
2006). For that reason, characterizing the link between childhood maltreatment and sleep is critical to better understanding how
maltreatment may lead to health disparities in adulthood.

Adversity in childhood, including maltreatment, has been associated with lower subjective sleep quality, longer sleep onset latency,
trouble staying asleep throughout the night, and sleep disorders in adulthood, using both prospective longitudinal and retrospective
designs (Agargun et al., 2003; Chapman et al., 2011; Greenfield et al., 2011; Gregory et al., 2006; Kajeepeta et al., 2015; Ramsawh
et al., 2011). These observations may suggest that maltreatment leads to sustained difficulties regulating arousal. Arousal is a mea-
surement domain identified by the National Institute of Mental Health's Research Domain Criteria (RDoC) as relevant to many psy-
chiatric disorders (Insel et al., 2010). Dysregulation in arousal can be indexed as waking during the period an individual intends to be
sleeping, such as the time it takes to fall asleep and the number of times a person wakes throughout the night. A high arousal state limits
or prohibits sleep (Dahl, 1996), in part because sleep requires the ability to reduce vigilance and disconnect from the environment
(Carskadon & Dement, 2011; Joiner, 2018). Perceptions of threat in the environment can interfere with this normative process and
therefore impede sleep (Joiner, 2018). Thus, children exposed to maltreatment may be at greater risk for persistent sleep disturbances
in adulthood as a result of living under potentially threatening conditions for sustained periods of development. Yet, few studies have
empirically examined the mediating role of arousal dysregulation in the association between childhood maltreatment and adulthood
sleep disturbances.

Childhood maltreatment is a heterogeneous construct that can vary in type, timing, or severity, which may obscure biobehavioral
pathways that contribute to disease. Maltreatment is commonly categorized into acts of commission or abuse, and acts of omission or
neglect (Centers for Disease Control and Prevention, 2021). This distinction is important with respect to arousal and sleep because
abuse and neglect may contribute to sleep disturbances through different pathways, with neglect specifically contributing to regulation
of arousal. For example, experiences of deprivation in childhood are correlated with different neurocognitive outcomes relative to
experiences involving threat (McLaughlin et al., 2014; Sheridan & McLaughlin, 2014). Specifically, the absence of environmental
inputs or “deprivation” contributes to a flatter trajectory of synaptogenesis and pruning across the entire central nervous system,
particularly in the prefrontal cortex (PFC) (Sheridan & McLaughlin, 2014). In comparison, experiences of threat during childhood are
specifically linked to changes in the morphology and effective functioning of neural structures involved in learning and memory such
as the hippocampus (Sheridan & McLaughlin, 2014). Given the essential role of the PFC in modulating arousal (Phan et al., 2003;
Zhang et al., 2014), experiences of deprivation (e.g., childhood emotional or physical neglect) may contribute to maturational shifts in
the PFC, which could impact the development and functioning of the arousal system. This shift could decrease the capacity for an
individual to modulate arousal, leading to lower sleep efficiency (i.e., percent of time asleep in bed) or increased sleep latency (i.e.,
time to fall asleep). Over time, these manifestations of arousal dysregulation may lead to sustained and impairing sleep disturbances.

The purpose of the present study was to determine whether dysregulated arousal was a distinct pathway through which neglect or
abuse were associated with subjective clinical sleep disturbances in adulthood. Dysregulated arousal was indexed by sleep onset la-
tency and sleep efficiency measured objectively using seven days of actigraphy. Fig. 1 provides a conceptual model of key constructs
explored in the present study.

Childhood
maltreatment Arousal
Neglect » Sleep efficiency
Clinical sleep
disturbance
Abuse Sleep onset latency

Fig. 1. Conceptual model.
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2. Method
2.1. Participants

The present study included a sample of 646 individuals (59.3% female) between the ages of 25 and 83 who participated in the
Biomarker projects from the 2nd wave of the Midlife in the United States (MIDUS II) study and the refresher cohort of the Midlife in the
United States (MIDUS-R) study who also agreed to participate in a seven-day daily diary and actigraphy sleep study. See Table 1 for
participant characteristics.

The original MIDUS study (1995-1996) is a national probability sample of 7108 noninstitutionalized, English-speaking adults ages
25-75 in the contiguous United States, recruited via random-digit dialing. A follow-up study was completed (MIDUS-II) (Ryff et al.,
2007) from 2004 to 2006, with a retention rate of about 70% from the original cohort. The MIDUS-II Biomarker project was conducted
5 to 64 months after this second wave and included a total of 1255 participants who stayed overnight at one of three general clinical
research centers (GCRC): University of California Los Angeles, University of Wisconsin, or Georgetown University. MIDUS-R partic-
ipants were recruited from a refresher study (MIDUS-R) (Ryff et al., 2016) conducted in 2011 to 2014 to replenish the original MIDUS-I
cohort with a new sample containing 3577 participants ages 24-75. The MIDUS-R Biomarker project (2012-2016) (Weinstein et al.,
2017) included a total of 863 participants who stayed overnight at one of three GCRCs. A subsample of the respondents from both the
MIDUS-II and MIDUS-R Biomarker projects participated in a 7-day daily diary and actigraphy sleep study. There were no differences in
age, marital status, education, employment status, or clinical sleep disturbances between the present analytic sample relative to the
biomarker sample overall (p > .10). However, the present analytic sample was less likely to be Hispanic (0.6% compared to 5.2%; x? =
21.27, p < .001) and more likely to be female (59.0% vs. 52.8%; x> = 7.25, p = .007). All included projects were approved by the
Institutional Review Board at each site prior to data collection.

2.2. Procedure

Demographics and psychosocial factors, including the Childhood Trauma Questionnaire (CTQ; Bernstein & Fink, 1998) and
Pittsburgh Sleep Quality Index (PSQIL; Buysse et al., 1989), were completed via self-report questionnaire in their visit to one of the
GCRCs. After completion of the Biomarker projects, participants were invited to participate in a seven-day sleep study. After providing
informed consent to participate in the sleep study, participants were sent home with instructions to complete a daily sleep diary and
continuously wear a MiniMitter Actiwatch 64 on their wrist for seven consecutive days. The Actiwatches were programmed to begin
collecting data at 7:00 am on the Tuesday after the GCRC visit and stop the following Tuesday morning.

2.3. Measures

2.3.1. Neglect

Neglect was measured using retrospective self-report on the Childhood Trauma Questionnaire (CTQ) (Bernstein & Fink, 1998). This
28-item questionnaire contains five subscales: physical neglect, emotional neglect, physical abuse, sexual abuse, and emotional abuse.
Each subscale includes five items, each beginning with “When I was growing up...” and proceeding to identify experiences in the
childhood-rearing environment. Participants provided their responses according to a 5-point Likert scale ranging from 1 “never true” to
5 “very often true”. As a result, total and subscale scores from the measure reflect a combination of maltreatment type, chronicity, and
severity. Participants with scores for emotional neglect >15 or physical neglect >8 were categorized as “neglected” using established
scoring thresholds (Walker, Gelfand, et al., 1999), reflecting severe or chronic exposure to emotional or physical neglect during
childhood.

2.3.2. Abuse

Abuse was also measured using retrospective self-report on the CTQ. Participants with scores of emotional abuse >10, sexual abuse
>8, or physical abuse >8 were categorized as “abused” (Walker, Unutzer, et al., 1999), reflecting severe or chronic exposure to
emotional, sexual, or physical abuse during childhood.

Table 1
Participant characteristics.
M (SD) % (n)
Age 52.27 (12.32)
Female 59.3 (383)
Childhood maltreatment
Neglect 11.2(72)
Abuse 17.1 (110)
Neglect and abuse 19.7 (127)
Sleep disturbances (PSQI) 6.29 (3.65)
PSQI > 5 62 (402)
Sleep efficiency 80.19 (9.18)
Sleep onset latency 28.18 (23.33)
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2.3.3. Sleep efficiency

Sleep efficiency was measured using seven consecutive days of activity data collected via a MiniMitter Actiwatch 64, and computed
by the Actiware program algorithms based on the rest intervals. Sleep efficiency refers to the percent of time an individual was asleep
while in bed, and scores reflect the average across the seven days of measurement. Actigraphy is an established method for assessing
objective sleep outcomes outside of the laboratory that has acceptable reliability when compared with polysomnography (Spielmanns
et al., 2019).

2.3.4. Sleep onset latency

Sleep onset latency was measured using seven consecutive days of activity data collected via a MiniMitter Actiwatch 64, and
computed by the Actiware program algorithms based on the rest intervals. Sleep onset latency reflects the length of time (in minutes) it
took to transition from full wakefulness to sleep, and scores were averaged across the seven days of measurement.

2.3.5. C(linical sleep disturbance

Sleep disturbances were measured using the well-validated and widely used Pittsburgh Sleep Quality Index (PSQI) (Buysse et al.,
1989). This 19-item scale assesses sleep quality over the past month and yields a global score on sleep disturbance. Global scores can
range from O to 21, with higher scores indicating worse sleep. A global score of five or greater indicates a likely clinical sleep
disturbance.

2.4. Data analysis

All predictor and outcome variables were examined for normality. In order to maximize data but also reduce the influence of
plausible but extreme actigraphy-measured sleep values on our results (Ghosh & Vogt, 2012), sleep onset latency and sleep efficiency
were winsorized to three standard deviations (3SD) from the mean; 8 values were winsorized for sleep onset latency, and 9 values were
winsorized for sleep efficiency. To determine the unique contribution of neglect and abuse on clinical sleep disturbances, we used a
single regression model predicting continuous global PSQI scores as a function of abuse, neglect, and our covariates. To test the
mediating role of objectively measured sleep outcomes in this association, we used ordinary least squares regression with bootstrap
resampling within the PROCESS macro for SPSS (Hayes, 2013). In these models, the predictor variable (neglect or abuse) predicted the
outcome variable (global PSQI scores) through the mediator (sleep onset latency or sleep efficiency). All analyses using neglect as a
predictor covaried for abuse, gender, and age, and all analyses using abuse as a predictor covaried for neglect, gender, and age.

3. Results

Sleep disturbances were common in this sample, with 62.2% (n = 402) of participants reporting clinical sleep disturbances (PSQI >
5), though comparable with other community samples of adults (Buysse et al., 2008; Gasperi et al., 2017; Hinz et al., 2017; Yildirim &
Boysan, 2017). Further, 11.2% (n = 72) of our sample were exposed to neglect alone, 17.1% (n = 110) were exposed to abuse alone,
and 19.7% (n = 127) were exposed to both neglect and abuse.

Both neglect and abuse were uniquely associated with greater clinical sleep disturbances, b = 0.66, SE = 0.33,p =.04 and b = 1.09,
SE =0.32, p < .001, respectively. Tables 2 and 3 provide model fit indices and coefficient estimates for neglect and abuse as predictors
of objective arousal measures and clinical sleep disturbances.

3.1. Mediation between neglect and sleep disturbances

3.1.1. Sleep efficiency mediated the association between neglect and clinical sleep disturbances

The total effect of neglect on sleep disturbances, ¢ = 0.66, SE = 0.33, p = .04, was composed of a non-significant direct effect of
neglect on sleep disturbances, ¢’ = 0.33, SE = 0.31, 95% CI[—0.27, 0.94], and a significant indirect effect of neglect on sleep dis-
turbances through sleep efficiency, ab = 0.33, SE = 0.12, 95% CI[0.12, 0.57]. See Fig. 2 for the results of the adjusted model depicting
the significant indirect effect of neglect on sleep disturbance via sleep efficiency.

Table 2
Adjusted unstandardized coefficient estimates predicting objective arousal measures from abuse, neglect, and key covariates.
Sleep efficiency Sleep onset latency
b (SE) p 95% CI b (SE) p 95% CI
LL UL LL UL
Intercept 79.10 (1.71) <.001 75.73 82.47 28.89 (4.40) <.001 20.25 37.53
Neglect —2.44 (0.83) .003 —-4.08 —-0.80 4.01 (2.14) .06 -0.19 8.21
Abuse —0.66 (0.81) 42 -2.25 0.93 2.03 (2.08) .33 -2.07 6.12
Gender 2.12 (0.74) .004 0.66 3.57 —3.94 (1.90) .04 —7.68 —0.20
Age 0.02 (0.03) .57 —0.04 0.07 —0.01 (0.07) 91 0.15 0.14
R? 0.03 <.001 0.01 .03
F 5.03 2.59




N. Semsar et al. Child Abuse & Neglect 122 (2021) 105306

Table 3
Adjusted unstandardized coefficient estimates predicting clinical sleep disturbances from abuse, neglect, objective arousal measures, and key
covariates.

b(SE) p 95% CI b(SE) p 95% CI
LL UL LL UL

Intercept 16.57 (1.32) <.001 13.98 19.15 4.73 (0.67) <.001 3.42 6.05
Neglect 0.33 (0.31) .28 -0.27 0.94 0.49 (0.32) 12 -0.12 1.11
Abuse 0.999 (0.30) <.001 0.41 1.59 1.0 (0.31) .001 0.40 1.61
Sleep efficiency —0.13 (0.01) <.001 —0.16 —0.10
Sleep onset latency 0.04 (0.006) <.001 0.03 0.05
Gender 0.52 (0.27) .059 —0.02 1.06 0.40 (0.28) .16 —-0.15 0.95
Age —0.006 (0.01) .59 —-0.03 0.01 —0.01 (0.01) .49 —-0.03 0.01
R? 0.15 <.001 0.11 <.001
F 23.30 16.13

Sleep efficiency

c= .33, SE= .31
(c’= .66*, SE= .33)

v

Neglect Sleep disturbance

ab: .33, SE= .12, 95%CI[.12-.57]

Fig. 2. Sleep efficiency mediates the association between childhood neglect and sleep disturbance in adulthood.

Sleep onset latency did not mediate the link between neglect and clinical sleep disturbances. Specifically, the total effect of neglect
and sleep onset latency, ¢ = 0.66, SE = 0.33, p = .04, was composed of a non-significant direct effect of neglect on sleep disturbances, ¢’
= 0.49, SE = 0.32, 95% CI[-0.12, 1.11], and a non-significant indirect effect of neglect on sleep disturbances through sleep onset
latency, ab = 0.17, SE = 0.09, 95% CI[—0.01, 0.36]. All models covaried for abuse, gender, and age.

3.1.2. Mediation between abuse and sleep disturbances

Sleep efficiency and sleep onset latency did not mediate the association between abuse and clinical sleep disturbances. The total
effect of abuse and sleep efficiency, ¢ = 1.09, SE = 0.32, p < .001, was composed of a significant direct effect of abuse on sleep
disturbances, ¢’ = 1.00, SE = 0.30, 95% CI [0.41, 1.59], and a non-significant indirect effect of abuse on sleep disturbances through
sleep efficiency, ab = 0.09, SE = 0.10, 95% CI [—0.11, 0.28]. The total effect of abuse and sleep onset latency, c = 1.09, SE = 0.32,p <
.001, was composed of a significant direct effect of abuse on sleep disturbances, ¢’ = 1.0, SE = 0.31, 95% CI [0.40, 1.61], and a non-
significant indirect effect of abuse on sleep disturbances through sleep onset latency, ab = 0.08, SE = 0.09, 95% CI [-0.08, 0.27]. All
models covaried for neglect, gender, and age.

4. Discussion

The purpose of the present study was to explore whether objectively measured indices of dysregulated arousal at night help to
explain the relatively well-established association between specific types of childhood maltreatment (neglect, abuse) and clinical sleep
disturbances. While the unique associations between neglect or abuse and clinical sleep disturbances were robust in this sample, only
arousal as indexed by sleep efficiency mediated the link between neglect and clinical sleep disturbances. These findings support the
hypothesis that neglect and abuse may lead to sleep disturbances and disorders through distinct pathways. Moreover, the potential
dysregulation in arousal that leads to waking throughout the night may be a specific pathway through which experiences of neglect in
childhood contribute to chronic disease.

Sleep efficiency mediated the association between neglect and clinical sleep disturbances, whereas sleep onset latency did not.
Sleep efficiency and sleep onset latency are not orthogonal, but have distinct cognitive and affective consequences (see Short & Banks,
2014 for review). What differentiates sleep efficiency from sleep onset latency is the frequency of waking throughout the night, also
known as sleep fragmentation. Sleep fragmentation can have many behavioral, environmental, and neurobiological causes (Joiner,
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2018; Short & Banks, 2014), but may be a critical behavioral measure of dysregulation in the sleep-wakefulness domain of arousal
regulation. Our findings are consistent with at least four studies so far that have shown that maltreatment and trauma during childhood
are associated specifically with lower sleep efficiency in adolescents (Turner et al., 2020), early adulthood (Greenfield et al., 2011;
Teicher et al., 2017), adult military veterans (Insana et al., 2012), and adults with serious mental illness (Laskemoen et al., in press).
Sleep fragmentation is a robust predictor of subjective sleep quality (Akerstedt et al., 1994) and poorer daytime functioning (Martin
et al., 1996; Stepanski, 2002), and may contribute to cognitive decline (André et al., 2019). Therefore, dysregulated arousal during
sleep, as measured by sleep fragmentation, may be an important component of sleep to target in interventions aimed at preventing or
mitigating chronic health problems. Among patients with insomnia, individuals with a history of childhood maltreatment evidence
more beta EEG activity during sleep—an indicator of psychophysiological arousal—than those without a history of maltreatment
(Bader et al., 2013). Importantly, several promising studies have shown that sleep efficiency is modifiable through transcranial
magnetic stimulation (Frase et al., 2016), as well as using the benzodiazepine receptor agonist Eszopiclone (Krystal et al., 2012). Those
studies together implicate an underlying dysregulation in GABA-ergic functioning. More attention to whether sleep efficiency is
reliably lower relative to other sleep outcomes, and whether interventions that specifically target sleep fragmentation dispropor-
tionally benefit and lead to sustained health improvements in adults with a history of neglect is needed.

Notably, our findings were specific to chronic and severe physical or emotional neglect during childhood, not abuse. There has been
long-standing interest in whether different types of childhood maltreatment have distinct developmental and health-related sequelae.
From a neurophysiological perspective, experiences in childhood may differ in their biological salience to the developing individual
(Kuhlman et al., 2017). For example, living with an abusive caregiver may lead a child to develop behavioral strategies for defense and
physiological strategies for wound healing. However, living in an environment where there is no imminent threat, but the predict-
ability of care is low, may lead to chronic psychophysiological states of hypervigilance. In the present sample, sleep efficiency only
mediated the link between neglect and clinical sleep disturbances; no measures of arousal mediated the association between abuse and
clinical sleep disturbances. Neglect may lead to sleep disturbances across the lifespan through alterations to arousal systems by
promoting greater vigilance to the environment. Individuals can be vulnerable during sleep, making vigilance during this period
adaptive in some environments. Indeed, threat and deprivation have been identified as distinct dimensions of childhood experience
that uniquely shape neurodevelopment (Sheridan & McLaughlin, 2014). Additionally, unpredictable caregiving has separately
emerged as a robust environmental predictor of neurodevelopment that has implications for later affective disorders (Glynn & Baram,
2019). The specificity of our findings to neglect when accounting for abuse in a relatively large sample supports the further inter-
rogation of the unique psychological, neurodevelopmental, and health sequelae of different types of maltreatment.

These results should be considered in the context of the study's strengths and limitations. First, exposure to childhood maltreatment
was measured via a retrospective self-report questionnaire, which may contain sources of error that differ from maltreatment
measured prospectively (Baldwin et al., 2019; Monroe, 2008). Further, this measure simultaneously reflects type, severity, and
chronicity of maltreatment, while other measures that distinguish between these dimensions have observed distinct behavioral
consequences (Jackson et al., 2014; McGuire & Jackson, 2018; Petrenko et al., 2012). That being said, the CTQ is one of the most
widely-used measures of childhood maltreatment, and therefore the results are likely generalizable to other studies linking childhood
maltreatment to biobehavioral processes in adulthood. Second, the conceptual model tested in the analyses hypothesized that arousal
dysregulation mediated the association between childhood maltreatment and clinical sleep disturbances, with interest in identifying
potential causal pathways. However, the present data are cross-sectional, and no causal inferences can be made. Ideally, a combination
of prospective longitudinal (Abajobir et al., 2017; McPhie et al., 2014; Noll et al., 2006) and experimental (Hamilton et al., 2018)
research will converge to disentangle potential causal and modifiable pathways. Finally, arousal regulation was measured using
actigraphy-measured sleep efficiency and sleep-onset latency. Studies confirming that sleep fragmentation mediated the link between
neglect and clinical sleep disturbances using other technologies (e.g., polysomnography) and other measures of arousal—such as those
identified in the National Institute of Mental Health RDoC matrix for sleep-wakefulness (Insel, 2014; Insel et al., 2010)—are needed. In
particular, it will be informative to better characterize the endogenous (e.g., neurobiological) and exogenous (e.g., social and envi-
ronmental) contributors to sleep efficiency as they pertain to individuals with a history of childhood maltreatment.

It is well-established that individuals exposed to maltreatment and other forms of adversity are at risk for lifelong health disparities
and earlier mortality. The role of sleep in the development and maintenance of these health disparities has been relatively overlooked,
despite its relevance to numerous chronic health conditions. Neglect may specifically contribute to the development of dysregulated
arousal systems that lead to fragmented sleep, which may be a modifiable pathway through which the lifelong health sequelae
associated with childhood maltreatment may be mitigated.

Declaration of competing interest

The authors report no conflicts of interest.
Acknowledgements

Collection of this data was funded by the John D. and Catherine T. MacArthur Foundation Research Network and the National
Institute on Aging (P01-AG020166, U19-AG051426, 5R37 AG027343)). The specimen collection was facilitated by the General
Clinical Research Centers program (MO01- RR023942 [Georgetown], M01-RR00865 [UCLA]), and at UW from the Clinical and

Translational Science Award (CTSA) program of the National Center for Research Resources (1UL1RR025011). Composition of this
manuscript was supported in part by the National Institute of Mental Health through an award granted to Dr. Kate Kuhlman



N. Semsar et al. Child Abuse & Neglect 122 (2021) 105306

(KO8MH112773). We would also like to thank the members of the UCI/UCLA Teen Resilience Lab (teenresilience.org) as well as
Georgia Parkin, Ph.D. for their valuable feedback on earlier drafts of this manuscript.

References

Abajobir, A. A., Kisely, S., Williams, G., Strathearn, L., & Najman, J. M. (2017). Childhood maltreatment and adulthood poor sleep quality: A longitudinal study.
Internal Medicine Journal, 47(8), 879-888. https://doi.org/10.1111/imj.13459

Agargun, M. Y., Kara, H., Ozer, O. A., Selvi, Y., Kiran, U., & Kiran, S. (2003). Nightmares and dissociative experiences: The key role of childhood traumatic events.
Psychiatry and Clinical Neurosciences, 57(2), 139-145. https://doi.org/10.1046/j.1440-1819.2003.01093.x

Akerstedt, T., Hume, K., Minors, D., & Waterhouse, J. (1994). The meaning of good sleep: A longitudinal study of polysomnography and subjective sleep quality.
Journal of Sleep Research, 3(3), 152-158. https://doi.org/10.1111/j.1365-2869.1994.tb00122.x

André, C., Tomadesso, C., de Flores, R., Branger, P., Rehel, S., Mézenge, F., ... Rauchs, G. (2019). Brain and cognitive correlates of sleep fragmentation in elderly
subjects with and without cognitive deficits. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring, 11, 142-150. https://doi.org/10.1016/].
dadm.2018.12.009

Bader, K., Schéfer, V., Nissen, L., & Schenkel, M. (2013). Heightened beta EEG activity during nonrapid eye movement sleep in primary insomnia patients with reports
of childhood maltreatment. Journal of Clinical Neurophysiology, 30(2), 188-198. https://doi.org/10.1097/WNP.0b013e3182767c4a

Baldwin, J. R., Reuben, A., Newbury, J. B., & Danese, A. (2019). Agreement between prospective and retrospective measures of childhood maltreatment: A systematic
review and Meta-analysis. JAMA Psychiatry, 76(6), 584-593. https://doi.org/10.1001/jamapsychiatry.2019.0097

Bernstein, D. P., & Fink, L. A. (1998). CTQ: Childhood Trauma Questionnaire: A retrospective self-report. San Antonio, TX: Psychological Corp.

Buysse, D. J., Hall, S., Kamarck, O., Lee, R., & Matthews. (2008). Relationships between the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS),
and clinical/polysomnographic measures in a community sample. Journal of Clinical Sleep Medicine, 04(06), 563-571. https://doi.org/10.5664/jcsm.27351
Buysse, D. J., Reynolds, C. F., IIl, Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The Pittsburgh sleep quality index: A new instrument for psychiatric practice and

research. Psychiatry Research, 28(2), 193-213. https://doi.org/10.1016/0165-1781(89)90047-4

Carskadon, M. A., & Dement, W. C. (2011). Normal human sleep: An overview. Chapter 2. In M. H. Kryger, T. Roth, & W. C. Dement (Eds.), Principles and practice of
sleep medicine (5th ed.). Elsevier.

Centers for Disease Control and Prevention. (2021). Child abuse and neglect prevention |violence prevention|injury center|CDC. March 15 https://www.cdc.gov/
violenceprevention/childabuseandneglect/index.html.

Chapman, D. P., Wheaton, A. G., Anda, R. F., Croft, J. B., Edwards, V. J., Liu, Y., ... Perry, G. S. (2011). Adverse childhood experiences and sleep disturbances in
adults. Sleep Medicine, 12(8), 773-779. https://doi.org/10.1016/j.sleep.2011.03.013

Chapman, D. P., Whitfield, C. L., Felitti, V. J., Dube, S. R., Edwards, V. J., & Anda, R. F. (2004). Adverse childhood experiences and the risk of depressive disorders in
adulthood. Journal of Affective Disorders, 82(2), 217-225. https://doi.org/10.1016/j.jad.2003.12.013

Chen, E., Turiano, N. A., Mroczek, D. K., & Miller, G. E. (2016). Association of reports of childhood abuse and all-cause mortality rates in women. JAMA Psychiatry, 73
(9), 920-927. https://doi.org/10.1001/jamapsychiatry.2016.1786

Dahl, R. E. (1996). The regulation of sleep and arousal: Development and psychopathology. Development and Psychopathology, 8(1), 3-27.

Finkelhor, D., Turner, H., Ormrod, R., & Hamby, S. L. (2009). Violence, abuse, and crime exposure in a national sample of children and youth. Pediatrics, 124(5),
1411-1423. https://doi.org/10.1542/peds.2009-0467

Frase, L., Piosczyk, H., Zittel, S., Jahn, F., Selhausen, P., Krone, L., ... Nissen, C. (2016). Modulation of total sleep time by transcranial direct current stimulation
(tDCS). Neuropsychopharmacology, 41(10), 2577-2586. https://doi.org/10.1038/npp.2016.65

Gasperi, M., Herbert, M., Schur, E., Buchwald, D., & Afari, N. (2017). Genetic and environment influences on sleep, pain, and depression symptoms in a community
sample of twins. Psychosomatic Medicine, 79(6), 646-654. https://doi.org/10.1097/PSY.0000000000000456

Ghosh, D., & Vogt, A. (2012). Outliers: An evaluation of methodologies. Joint Statistical Meetings, 2012.

Glynn, L. M., & Baram, T. Z. (2019). The influence of unpredictable, fragmented parental signals on the developing brain. Frontiers in Neuroendocrinology, 53, Article
100736. https://doi.org/10.1016/j.yfrne.2019.01.002

Greenfield, E. A, Lee, C., Friedman, E. L., & Springer, K. W. (2011). Childhood abuse as a risk factor for sleep problems in adulthood: Evidence from a U.S. National
Study. Annals of Behavioral Medicine, 42(2), 245-256. https://doi.org/10.1007/s12160-011-9285-x

Gregory, A. M., Caspi, A., Moffitt, T. E., & Poulton, R. (2006). Family conflict in childhood: A predictor of later insomnia. Sleep, 29(8), 1063-1067. https://doi.org/
10.1093/sleep/29.8.1063

Hamilton, J. L., Brindle, R. C., Alloy, L. B., & Liu, R. T. (2018). Childhood trauma and sleep among young adults with a history of depression: A daily diary study.
Frontiers in Psychiatry, 9, 673.

Hayes, A. F. (2013). Introduction to mediation, moderation, and conditional process analysis: A regression-based approach. Guilford Press.

Hinz, A., Glaesmer, H., Brahler, E., Loffler, M., Engel, C., Enzenbach, C., ... Sander, C. (2017). Sleep quality in the general population: psychometric properties of the
Pittsburgh sleep quality index, derived from a German community sample of 9284 people. Sleep Medicine, 30, 57-63. https://doi.org/10.1016/j.
sleep.2016.03.008

Hussey, J. M., Chang, J. J., & Kotch, J. B. (2006). Child maltreatment in the United States: Prevalence, risk factors, and adolescent health consequences. Pediatrics, 118
(3), 933-942. https://doi.org/10.1542/peds.2005-2452

Insana, S. P., Kolko, D. J., & Germain, A. (2012). Early-life trauma is associated with rapid eye movement sleep fragmentation among military veterans. Biological
Psychology, 89(3), 570-579. https://doi.org/10.1016/j.biopsycho.2012.01.001

Insel, T. R. (2014). The NIMH research domain criteria (RDoC) project: Precision medicine for psychiatry. American Journal of Psychiatry, 171(4), 395-397. https://
doi.org/10.1176/appi.ajp.2014.14020138

Insel, T. R., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., ... Wang, P. (2010). Research Domain Criteria (RDoC): Toward a new classification
framework for research on mental disorders. American Journal of Psychiatry, 167(7), 748-751. https://doi.org/10.1176/appi.ajp.2010.09091379

Irwin, M. R. (2015). Why sleep is important for health: A psychoneuroimmunology perspective. Annual Review of Psychology, 66(1), 143-172. https://doi.org/
10.1146/annurev-psych-010213-115205

Jackson, Y., Gabrielli, J., Fleming, K., Tunno, A. M., & Makanui, P. K. (2014). Untangling the relative contribution of maltreatment severity and frequency to type of
behavioral outcome in foster youth. Child Abuse & Neglect, 38(7), 1147-1159. https://doi.org/10.1016/j.chiabu.2014.01.008

Joiner, W. J. (2018). The neurobiological basis of sleep and sleep disorders. Physiology, 33(5), 317-327. https://doi.org/10.1152/physiol.00013.2018

Kajeepeta, S., Gelaye, B., Jackson, C. L., & Williams, M. A. (2015). Adverse childhood experiences are associated with adult sleep disorders: A systematic review. Sleep
Medicine, 16(3), 320-330. https://doi.org/10.1016/j.sleep.2014.12.013

Krystal, A. D., Huang, H., Zummo, J., Grinnell, T., & Marshall, R. D. (2012). A WASO sub-group analysis of a 6-month study of eszopiclone 3 mg. Sleep Medicine, 13(6),
691-696. https://doi.org/10.1016/j.sleep.2012.01.010

Kuhlman, K. R., Chiang, J. J., Horn, S., & Bower, J. E. (2017). Developmental psychoneuroendocrine and psychoneuroimmune pathways from childhood adversity to
disease. Neuroscience and Biobehavioral Reviews, 80, 166-184. https://doi.org/10.1016/j.neubiorev.2017.05.020

Laskemoen, J. F., Aas, M., Vaskinn, A., Berg, A. O., Lunding, S. H., Barrett, E. A., Melle, 1., & Simonsen, C. (in press). Sleep disturbance mediates the link between
childhood trauma and clinical outcome in severe mental disorders. Psychological Medicine, 1-10. doi:https://doi.org/10.1017/50033291720000914.

Martin, S. E., Engleman, H. M., Deary, L. J., & Douglas, N. J. (1996). The effect of sleep fragmentation on daytime function. American Journal of Respiratory and Critical
Care Medicine, 153(4), 1328-1332. https://doi.org/10.1164/ajrcem.153.4.8616562

McGuire, A., & Jackson, Y. (2018). Dimensions of maltreatment and academic outcomes for youth in foster care. Child Abuse & Neglect, 84, 82-94. https://doi.org/
10.1016/j.chiabu.2018.07.029


https://doi.org/10.1111/imj.13459
https://doi.org/10.1046/j.1440-1819.2003.01093.x
https://doi.org/10.1111/j.1365-2869.1994.tb00122.x
https://doi.org/10.1016/j.dadm.2018.12.009
https://doi.org/10.1016/j.dadm.2018.12.009
https://doi.org/10.1097/WNP.0b013e3182767c4a
https://doi.org/10.1001/jamapsychiatry.2019.0097
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0040
https://doi.org/10.5664/jcsm.27351
https://doi.org/10.1016/0165-1781(89)90047-4
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0055
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0055
https://www.cdc.gov/violenceprevention/childabuseandneglect/index.html
https://www.cdc.gov/violenceprevention/childabuseandneglect/index.html
https://doi.org/10.1016/j.sleep.2011.03.013
https://doi.org/10.1016/j.jad.2003.12.013
https://doi.org/10.1001/jamapsychiatry.2016.1786
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0080
https://doi.org/10.1542/peds.2009-0467
https://doi.org/10.1038/npp.2016.65
https://doi.org/10.1097/PSY.0000000000000456
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0100
https://doi.org/10.1016/j.yfrne.2019.01.002
https://doi.org/10.1007/s12160-011-9285-x
https://doi.org/10.1093/sleep/29.8.1063
https://doi.org/10.1093/sleep/29.8.1063
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0120
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0120
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0125
https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1542/peds.2005-2452
https://doi.org/10.1016/j.biopsycho.2012.01.001
https://doi.org/10.1176/appi.ajp.2014.14020138
https://doi.org/10.1176/appi.ajp.2014.14020138
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1146/annurev-psych-010213-115205
https://doi.org/10.1146/annurev-psych-010213-115205
https://doi.org/10.1016/j.chiabu.2014.01.008
https://doi.org/10.1152/physiol.00013.2018
https://doi.org/10.1016/j.sleep.2014.12.013
https://doi.org/10.1016/j.sleep.2012.01.010
https://doi.org/10.1016/j.neubiorev.2017.05.020
https://doi.org/10.1017/S0033291720000914
https://doi.org/10.1164/ajrccm.153.4.8616562
https://doi.org/10.1016/j.chiabu.2018.07.029
https://doi.org/10.1016/j.chiabu.2018.07.029

N. Semsar et al. Child Abuse & Neglect 122 (2021) 105306

McLaughlin, K. A., Sheridan, M. A., & Lambert, H. K. (2014). Childhood adversity and neural development: Deprivation and threat as distinct dimensions of early
experience. Neuroscience and Biobehavioral Reviews, 47, 578. https://doi.org/10.1016/j.neubiorev.2014.10.012

McPhie, M. L., Weiss, J. A., & Wekerle, C. (2014). Psychological distress as a mediator of the relationship between childhood maltreatment and sleep quality in
adolescence: Results from the maltreatment and adolescent pathways (MAP) longitudinal study. Child Abuse & Neglect, 38(12), 2044-2052.

Monroe, S. M. (2008). Modern approaches to conceptualizing and measuring human life stress. Annual Review of Clinical Psychology, 4, 33-52. https://doi.org/
10.1146/annurev.clinpsy.4.022007.141207

Noll, J. G., Trickett, P. K., Susman, E. J., & Putnam, F. W. (2006). Sleep disturbances and childhood sexual abuse. Journal of Pediatric Psychology, 31(5), 469-480.
https://doi.org/10.1093/jpepsy/jsj040

Norman, R. E., Byambaa, M., De, R., Butchart, A., Scott, J., & Vos, T. (2012). The long-term health consequences of child physical abuse, emotional abuse, and neglect:
A systematic review and meta-analysis. PLoS Medicine, 9(11), Article e1001349. https://doi.org/10.1371/journal.pmed.1001349

Petrenko, C. L. M., Friend, A., Garrido, E. F., Taussig, H. N., & Culhane, S. E. (2012). Does subtype matter? Assessing the effects of maltreatment on functioning in
preadolescent youth in out-of-home care. Child Abuse & Neglect, 36(9), 633-644. https://doi.org/10.1016/j.chiabu.2012.07.001

Phan, K. L., Taylor, S. F., Welsh, R. C., Decker, L. R., Noll, D. C,, Nichols, T. E., ... Liberzon, I. (2003). Activation of the medial prefrontal cortex and extended
amygdala by individual ratings of emotional arousal: A fMRI study. Biological Psychiatry, 53(3), 211-215. https://doi.org/10.1016/50006-3223(02)01485-3

Ramsawh, H. J., Ancoli-Israel, S., Sullivan, S. G., Hitchcock, C. A., & Stein, M. B. (2011). Neuroticism mediates the relationship between childhood adversity and adult
sleep quality. Behavioral Sleep Medicine, 9(3), 130-143. https://doi.org/10.1080/15402002.2011.583895

Ryff, C., Almeida, D., Ayanian, J., Binkley, N., Carr, D., Coe, C., ... Williams, D. (2016). Midlife in the United States (MIDUS Refresher), 2011-2014: Version 3 [Data set].
ICPSR - Interuniversity Consortium for Political and Social Research. https://doi.org/10.3886/ICPSR36532.V3

Ryff, C., Almeida, D. M., Ayanian, J., Carr, D. S., Cleary, P. D., Coe, C., ... Williams, D. (2007). Midlife in the United States (MIDUS 2), 2004-2006: Version 7 [Data set].
ICPSR - Interuniversity Consortium for Political and Social Research. https://doi.org/10.3886/ICPSR04652.V7

Sheridan, M. A., & McLaughlin, K. A. (2014). Dimensions of early experience and neural development: Deprivation and threat. Trends in Cognitive Sciences, 18(11),
580-585. https://doi.org/10.1016/j.tics.2014.09.001

Short, M. A., & Banks, S. (2014). The functional impact of sleep deprivation, sleep restriction, and sleep fragmentation. In M. T. Bianchi (Ed.), Sleep deprivation and
disease: Effects on the body, brain and behavior (pp. 13-26). Springer. https://doi.org/10.1007/978-1-4614-9087-6_2.

Spielmanns, M., Bost, D., Windisch, W., Alter, P., Greulich, T., Nell, C., ... Boeselt, T. (2019). Measuring sleep quality and efficiency with an activity monitoring device
in comparison to Polysomnography. Journal of Clinical Medicine Research, 11(12), 825-833. https://doi.org/10.14740/jocmr4026

Stepanski, E. J. (2002). The effect of sleep fragmentation on daytime function. Sleep, 25(3), 268-276. https://doi.org/10.1093/sleep/25.3.268

Teicher, M. H., Ohashi, K., Khan, A., Hernandez Garcia, L. C., Klengel, T., Anderson, C. M., & Silveri, M. M. (2017). Does sleep disruption mediate the effects of
childhood maltreatment on brain structure? European Journal of Psychotraumatology, 8(Suppl. 7), Article 1450594. https://doi.org/10.1080/
20008198.2018.1450594

Turner, S., Menzies, C., Fortier, J., Garces, L., Struck, S., Taillieu, T., ... Afifi, T. O. (2020). Child maltreatment and sleep problems among adolescents in Ontario: A
cross sectional study. Child Abuse & Neglect, 99, Article 104309. https://doi.org/10.1016/j.chiabu.2019.104309

Walker, E. A., Gelfand, A., Katon, W. J., Koss, M. P., Von Korff, M., Bernstein, D., & Russo, J. (1999). Adult health status of women with histories of childhood abuse
and neglect. The American Journal of Medicine, 107(4), 332-339. https://doi.org/10.1016/50002-9343(99)002.35-1

Walker, E. A., Unutzer, J., Rutter, C., Gelfand, A., Saunders, K., VonKorff, M., ... Katon, W. (1999). Costs of health care use by women HMO members with a history of
childhood abuse and neglect. Archives of General Psychiatry, 56(7), 609. https://doi.org/10.1001/archpsyc.56.7.609

Weinstein, M., Ryff, C. D., & Seeman, T. E. (2017). Midlife in the United States (MIDUS refresher): Biomarker project, 2012-2016: Version 6 (Version v6) [Data set]. Inter-
University Consortium for Political and Social Research. https://doi.org/10.3886/ICPSR36901.V6

Yildirim, A., & Boysan, M. (2017). Heterogeneity of sleep quality based on the Pittsburgh Sleep Quality Index in a community sample: A latent class analysis. Sleep and
Biological Rhythms, 15(3), 197-205. https://doi.org/10.1007/541105-017-0097-7

Zhang, S., Hu, S., Chao, H. H,, Ide, J. S., Luo, X., Farr, O. M., & Li, C. R. (2014). Ventromedial prefrontal cortex and the regulation of physiological arousal. Social
Cognitive and Affective Neuroscience, 9(7), 900-908. https://doi.org/10.1093/scan/nst064



https://doi.org/10.1016/j.neubiorev.2014.10.012
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0200
http://refhub.elsevier.com/S0145-2134(21)00375-6/rf0200
https://doi.org/10.1146/annurev.clinpsy.4.022007.141207
https://doi.org/10.1146/annurev.clinpsy.4.022007.141207
https://doi.org/10.1093/jpepsy/jsj040
https://doi.org/10.1371/journal.pmed.1001349
https://doi.org/10.1016/j.chiabu.2012.07.001
https://doi.org/10.1016/S0006-3223(02)01485-3
https://doi.org/10.1080/15402002.2011.583895
https://doi.org/10.3886/ICPSR36532.V3
https://doi.org/10.3886/ICPSR04652.V7
https://doi.org/10.1016/j.tics.2014.09.001
https://doi.org/10.1007/978-1-4614-9087-6_2
https://doi.org/10.14740/jocmr4026
https://doi.org/10.1093/sleep/25.3.268
https://doi.org/10.1080/20008198.2018.1450594
https://doi.org/10.1080/20008198.2018.1450594
https://doi.org/10.1016/j.chiabu.2019.104309
https://doi.org/10.1016/S0002-9343(99)00235-1
https://doi.org/10.1001/archpsyc.56.7.609
https://doi.org/10.3886/ICPSR36901.V6
https://doi.org/10.1007/s41105-017-0097-7
https://doi.org/10.1093/scan/nst064

	Dysregulated arousal as a pathway linking childhood neglect and clinical sleep disturbances in adulthood
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Procedure
	2.3 Measures
	2.3.1 Neglect
	2.3.2 Abuse
	2.3.3 Sleep efficiency
	2.3.4 Sleep onset latency
	2.3.5 Clinical sleep disturbance

	2.4 Data analysis

	3 Results
	3.1 Mediation between neglect and sleep disturbances
	3.1.1 Sleep efficiency mediated the association between neglect and clinical sleep disturbances
	3.1.2 Mediation between abuse and sleep disturbances


	4 Discussion
	Declaration of competing interest
	Acknowledgements
	References


