
Rapid #: -25979910
CROSS REF ID: 1196437

LENDER: COF (Colorado State University) :: Morgan Library

BORROWER: WTU (Washington University in St. Louis) :: Olin Library
TYPE: Article CC:CCG

JOURNAL TITLE: European child & adolescent psychiatry

USER JOURNAL TITLE: European child & adolescent psychiatry

ARTICLE TITLE: The association between maternal sleep and circadian rhythms during pregnancy and infant
sleep and socioemotional outcomes.

ARTICLE AUTHOR: Hoyniak, Caroline P

VOLUME: 34

ISSUE: 4

MONTH: 4

YEAR: 2025

PAGES: 1365-1377

ISSN: 1018-8827

OCLC #:

Processed by RapidX: 1/20/2026 9:41:18 AM

This material may be protected by copyright law (Title 17 U.S. Code)



Vol.:(0123456789)

European Child & Adolescent Psychiatry (2025) 34:1365–1377 
https://doi.org/10.1007/s00787-024-02571-y

ORIGINAL CONTRIBUTION 

The association between maternal sleep and circadian rhythms 
during pregnancy and infant sleep and socioemotional outcomes

Caroline P. Hoyniak1 · Meghan R. Donohue1 · Joan L. Luby1 · Deanna M. Barch1,2,3,4 · Peinan Zhao5 · 
Christopher D. Smyser4,6,7 · Barbara Warner7 · Cynthia E. Rogers1,7 · Erik D. Herzog8 · Sarah K. England5

Received: 7 February 2024 / Accepted: 19 August 2024 / Published online: 24 August 2024 
© Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract
Studies have established that maternal sleep and circadian rhythm disturbances during pregnancy are associated with poor 
prenatal and perinatal outcomes for mothers and offspring. However, little work has explored its effects on infant sleep 
or socioemotional outcomes. The current study examined the relationship between maternal sleep and circadian rhythm 
disturbances during pregnancy and infant sleep and socioemotional outcomes in a diverse sample of N = 193 mothers and 
their infants (51% White; 52% Female; Mage = 11.95 months). Maternal sleep and circadian rhythms during pregnancy were 
assessed using self-reports and actigraphy. Mothers reported on infants’ sleep and socioemotional outcomes when infants 
were one year old. When controlling for infant sex, age, gestational age at birth, family income-to-needs ratios, and maternal 
depression, mothers who reported more sleep problems during pregnancy had infants with more sleep disturbances when 
they were one year old. Moreover, mothers who had later sleep timing (i.e., went to bed and woke up later, measured via 
actigraphy) during pregnancy had infants with more dysregulation (e.g., increased feeding difficulties, sensory sensitivi-
ties) and externalizing problems, and mothers with increased intra-daily variability in rest-activity rhythms (as measured 
via actigraphy) had infants with more externalizing problems. Findings suggest that maternal sleep and circadian rhythm 
disturbances during pregnancy may be a risk factor for infant sleep problems and socioemotional difficulties.

Keywords  Maternal sleep · Maternal circadian rhythms · Pregnancy · Infant sleep disturbance · Infant socioemotional 
outcomes

Introduction

Sleep disturbances during pregnancy are common, impact-
ing up to 62% of pregnant individuals [1]. These sleep 
disturbances are likely due to a combination of physical 
factors (e.g., discomfort, frequent urination) as well as hor-
monal and inflammatory changes that occur throughout 
pregnancy [2]. During pregnancy, individuals experience 
normative shifts in their sleep behaviors, including sleep 
onset advances (i.e., going to bed earlier), increases in day-
time sleepiness, and changes in sleep architecture [3]. Sleep 
disturbances may be the most pronounced in the first and 
third trimester [2, 3], but findings have been inconsistent 
[4, 5], making it difficult to identify the “typical” progres-
sion of sleep disturbances across gestation. Despite this, 
research generally suggests that sleep disturbances during 
pregnancy are associated with poorer maternal and fetal 
outcomes, including increased risk of gestational diabetes, 
pre-term birth, restricted fetal growth, and increased labor 
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length [3, 6]. These findings parallel a body of literature that 
has established sleep and circadian rhythm disturbances as 
a risk factor for a variety of maladaptive health and behav-
ioral outcomes across the lifespan, including increased risk 
for cardiovascular disease [7], poorer immune functioning 
[8], and psychopathology, such as depression [9]. Sleep dis-
turbances include both diagnosable sleep disorders (e.g., 
insomnia, parasomnias, obstructive sleep apnea), as well as 
variability in sleep parameters including short sleep dura-
tions, late sleep timing, and variability in sleep schedules 
from day-to-day. The sleep–wake schedule is governed, in 
part, by circadian rhythms, the approximately 24-h biologi-
cal rhythms generated by the circadian clock (governed by 
the central pacemaker, the suprachiasmatic nucleus) that 
optimize the timing of various biochemical and physiologi-
cal processes. Circadian disruption (often referred to as 
chronodisruption or circadian misalignment) can occur when 
an individual’s circadian rhythm becomes misaligned with 
the local environment (as determined by light/dark cycles). 
Circadian disruptions can be quantified in a number of ways, 
including examining the rhythmicity of core temperature, 
circadian-controlled hormones (e.g., melatonin and cortisol), 
or by examining daily variability in activity patterns and 
sleep midpoints (i.e., the point halfway between sleep onset 
and offset) across days [10, 11]. Although a fairly robust 
literature has explored sleep disturbances during pregnancy 
and the effects on birth outcomes, substantially less research 
has focused on the relationship of sleep disturbances during 
pregnancy to infant outcomes. In addition, to our knowledge, 
none of this research has focused explicitly on the effects of 
circadian rhythm disruption during pregnancy on offspring. 
To fill this gap in the literature, the current study examined 
the effects of sleep and circadian rhythm disturbances during 
pregnancy on infant outcomes, focusing specifically on sleep 
and socioemotional development at age one.

Evidence from both animal models and human studies 
suggests that circadian rhythms synchronize between mother 
and fetus, likely through hormonal signaling via melatonin, 
dopamine, and corticosterone, which can cross the placenta 
and bind to receptors on fetal tissue [12–14]. Such synchro-
nization of maternal and fetal circadian rhythms may under-
lie the negative effects of irregular maternal sleep–wake 
cycles on fetal development [15]. In rodents, in utero expo-
sure to sleep and circadian disruption programs a range of 
endocrine, circadian, behavioral, and metabolic effects in 
offspring that have been observed to last into adulthood [16]. 
Sleep disruption in pregnant dams, including REM sleep 
deprivation or sleep restriction, resulted in brain immaturity 
in pups at birth [17, 18] and altered behavioral development 
in offspring [19]. Specifically, Peng et al. [19] identified that 
adult offspring of pregnant dams that were exposed to sleep 
deprivation demonstrated increased depression and anxiety-
related behaviors.

Although relatively little human research exists, avail-
able data suggest an association between prenatal sleep 
disturbances and subsequent infant/child sleep distur-
bances [20–24]. In a relatively small study, Ciciolla et al. 
[20] demonstrated an association between mother-reported 
insomnia symptoms during the third trimester and infant 
sleep difficulties 6-weeks postpartum. Similarly, in a large 
epidemiological study, mother-reported sleep disturbances 
(e.g., poor sleep quality, late bedtimes) and short sleep 
durations during pregnancy were associated with increased 
infant sleep disturbances at one month of age (e.g., frequent 
nighttime awakenings, sleeping more during the day than 
at night) [22] and at one year of age (e.g., late bedtimes, 
frequent nighttime awakenings, and shorter sleep dura-
tions) [21]. Lahti-Pulkkinen et al. [23] demonstrated that 
mothers’ self-reported sleepiness during the second trimes-
ter was associated with increased sleep problems in 2-to 
6-year-old children. Similarly, Lugo-Candelas [24] found 
that maternal, self-reported sleep disturbances in second 
trimester (but not in first or third trimester) were associated 
with increased parent-reported child sleep problems at age 
four years. Longer maternal sleep during pregnancy has also 
been associated with infant sleep problems: Newland et al. 
[25] found that mothers who reported longer sleep durations 
during pregnancy had infants with poorer sleep efficiency 
and more sleep variability at 8 months (measured via actig-
raphy). These early findings highlight a potential associa-
tion between optimal prenatal maternal sleep durations (i.e., 
neither too short nor too long) and infant sleep outcomes.

Even less research has explored whether human maternal 
sleep and circadian rhythm disturbances during pregnancy 
relate to child socioemotional outcomes. Emerging evidence 
indicates that maternal sleep and circadian disturbances dur-
ing pregnancy are associated with structural brain altera-
tions in neonates [26, 27], and these brain alterations may 
be a possible pathway through which later socioemotional 
development is affected. In addition, infants of mothers who 
reported having poor quality sleep and short sleep dura-
tions during pregnancy demonstrated increased irritability 
at one month of age [22]. Adler et al. [1] found that mothers 
who reported insomnia during pregnancy were more likely 
to report their children had deficits in self-regulation and 
social interaction at age two. In this study, the association 
between prenatal maternal insomnia and child socioemo-
tional development was mediated by both postnatal maternal 
insomnia and depression [1], suggesting a pathway through 
which prenatal sleep problems have downstream effects 
on child development via continued maternal sleep and/
or mood disturbances postpartum. Lahti-Pulkkinen et al. 
[23] demonstrated that mother-reported sleepiness during 
pregnancy was associated with increased mother-reported 
child externalizing and internalizing problems in their 2-to 
6-year-old children. Similarly, shorter sleep durations and 



1367European Child & Adolescent Psychiatry (2025) 34:1365–1377	

poorer sleep quality, as reported by mothers during their 
second trimester of pregnancy, and increased overall sleep 
disturbances reported in the first trimester of pregnancy were 
found to be associated with elevated, parent-reported atten-
tion deficit hyperactivity disorder symptoms in offspring at 
age four [24]. Notably, none of these previous studies use 
an objective measure of maternal sleep such as actigraphy 
or measure circadian rhythm disruption.

Research suggests a strong influence of poverty on mater-
nal sleep during pregnancy [28], infant sleep [29], and infant 
socioemotional development [30]. There are multiple stud-
ies examining sleep health disparities across populations, 
including pregnant individuals and infants. Research sug-
gests that pregnant individuals living in poverty are at 
increased risk for sleep disturbances [28, 31], potentially 
through a combination of environmental (e.g., noise and 
light pollution, non-ideal work schedules) and psychosocial 
(e.g., increased anxiety, role overload) factors. Similarly, 
infants and young children living in poverty are more likely 
to experience sleep disturbances, including shorter sleep 
durations and more nighttime awakenings [32–34]. Finally, 
a long tradition of research has demonstrated an effect of 
poverty on socioemotional development in early childhood 
[35, 36]. However, despite well-established associations 
between these constructs, prior research exploring the effect 
of maternal prenatal sleep on infant sleep and socioemo-
tional development has not considered the effect of poverty.

In sum, relatively little research has explored potential 
associations between maternal sleep during pregnancy and 
infant sleep and socioemotional functioning. Moreover, 
despite that circadian rhythm disruption has been found to 
be associated with mood disorders [37] and that maternal 
and fetal circadian rhythms have been found to synchronize 
during pregnancy [12, 13], no study to date has examined 
effects of maternal prenatal circadian rhythm disruption 
on infants’ sleep or socioemotional outcomes. To address 
these gaps in the literature, the current study examined how 
maternal sleep and circadian rhythm disruption during preg-
nancy was associated with infant sleep and socioemotional 
outcomes using objective (i.e., actigraphy) and subjective 
(i.e., self-report) measures of maternal sleep, allowing us 
to explore both sleep and circadian rhythms. We tested the 
hypothesis that mothers with sleep and circadian rhythm 
disturbances during pregnancy would have infants with 
more sleep problems and more socioemotional difficulties 
(e.g., behavior problems, dysregulation) at one year of age. 
To address the possibility that poverty accounted for any 
observed associations between prenatal maternal sleep and 
infant outcomes, we re-examined associations controlling for 
family income-to-needs ratios. Given some inconsistencies 
in the literature examining the progression of sleep distur-
bances across pregnancy and that few previous studies have 
explored trimester-specific effects of maternal prenatal sleep 

on offspring outcomes, we did not have a specific hypoth-
esis about how associations between maternal sleep and off-
spring outcomes may differ across trimesters. As such, we 
focused our analysis on average sleep across pregnancy and 
examined trimester-specific associations in an exploratory 
analysis.

Methods

Participants

Participants in the current study included mothers-infant 
dyads enrolled in two large studies conducted at Wash-
ington University School of Medicine: the 1000 Women 
Cohort (1KWC) and the Early Life Adversity and Biologi-
cal Embedding (eLABE) study. In the 1KWC, 1220 women 
with a live birth were assessed throughout their pregnancy, 
providing detailed survey data, sleep and circadian data, 
and birth outcome data [38]. Mothers were recruited dur-
ing the first trimester of pregnancy and followed throughout 
pregnancy and delivery. Exclusion criteria for the 1KWC 
included: multiple gestations, diagnosed infections known to 
cause congenital disease (e.g., syphilis), and maternal alco-
hol or drug use during pregnancy (excluding tobacco and 
marijuana). In their third trimester, a subsample (n = 399) of 
the participants in the 1KWC were recruited to participate 
in the eLABE study, an ongoing, longitudinal study focused 
on child development from birth through early childhood.

Of the 399 mother-infant dyads who participated in the 
eLABE study, 244 mothers provided usable actigraphy data 
at some point during their pregnancy. Of the 244 dyads with 
usable actigraphy data, 193 dyads participated in sleep and 
socioemotional data collection at the Year 1 assessment 
and met our inclusion criteria: birth weight > 2000 g and 
no Neonatal Intensive Care Unit admission > 7 days. For 
the 206 mother-infant dyads who could not be included 
in the current analysis (e.g., because they did not provide 
maternal actigraphy or infant socioemotional data), mothers 
were more likely to be Black (t = − 7.06, p < 0.001), to have 
a lower income-to-needs ratio (t = 7.82, p < 0.001), to be 
younger at the time of delivery (t = 5.15, p < 0.001), to have 
a higher BMI (t = − 2.45, p < 0.001), to have a higher parity 
(t = − 3.40, p < 0.001), and to be experiencing more depres-
sion symptoms during pregnancy (− 2.42 < t’s < − 1.99, 
p < 0.05). There were no differences between included 
and excluded dyads in terms of the child’s sex, the child’s 
birthweight, the child’s gestational age (GA) at delivery, or 
mother’s depression symptoms at the age one assessment.

In the final sample of 193 mother-infant dyads, infants 
were delivered at a mean GA of 38.01 weeks and mothers 
ranged in age from 18.77 to 41.80 years (Mage = 29.83 years; 
SDage = 5.47 years) at delivery. Infants (52% female) were 
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51% White, 47% Black or African American, 2% other, 
and families reported an average income-to-needs ratio 
of 3.84 (SD = 3.09, range = 0.44–12.04). At the Year 1 
assessment, infants ranged in age from 11 to 19-months 
(Mage = 11.95 months; SDage = 1.21 months; some variabil-
ity in age at the year 1 assessment was due to delayed vis-
its caused by the COVID-19 pandemic). The 1KWC and 
eLABE studies were approved by the Washington University 
Human Research Protection Office. Informed consent was 
obtained for each mother and subsequent parental informed 
consent was obtained for each infant prior to participation. 
Data were collected with consent forms that allow data shar-
ing. De-identified data have been deposited in the NIMH 
Data Archive.

Procedures

Mothers were asked to wear the actigraphs continuously 
for at least two weeks during each trimester of preg-
nancy. Mother reports about the child’s socioemotional 
development and sleep patterns were collected the year 1 
assessment.

Measures

Maternal sleep and circadian rhythms during pregnancy

Actigraphy data. Maternal sleep and circadian rhythms were 
measured using actigraphs, worn for two weeks during the 
first, second, and third trimesters of pregnancy. Actigraphs 
contain an accelerometer that measures minute-by-minute 
motor activity that can be used to estimate sleep and wake 
patterns. Actigraphy watches, the MotionWatch 8 (CamN-
tech Ltd., Cambridge, U.K.), were worn by mothers on 
their non-dominant wrist. The MotionWatch 8 contains a 
piezoelectric accelerometer with a sensitivity greater than 
0.05 g, a sampling frequency of 32 Hz, and bandpass filter 
of 3–11 Hz. The actigraphy data were collected in 1-min 
epochs, processed using MotionWare software 2.5 (CamN-
tech Ltd), and analyzed using a high-throughout, automated 
method to derive the sleeping time indexes [39].

In our analysis, we focused on two sleep metrics and 
three circadian metrics derived from the actigraphy data. 
The two sleep metrics of interest included: (1) sleep dura-
tion –length of time between sleep onset and offset and 
(2) sleep midpoint—the time equidistant between sleep 
onset and offset (often used as a proxy measure of chrono-
type). The three circadian metrics included: (1) compos-
ite phase deviation (CPD), (2) interdaily stability (IS), and 
(3) intradaily variability (IV). CPD is a metric of circadian 
misalignment that examines sleep midpoints, relative to 
habitual sleep midpoints (i.e., the individual’s chronotype) 
and sleep midpoints from the prior day [11], with higher 

scores indicating increased misalignment. IS and IV are 
common, nonparametric measures of circadian disruption 
derived from activity data that provide information about the 
stability and fragmentation of an individual’s 24-h activity 
rhythms. Activity rhythms are often used as indicators of 
circadian organization, with the added benefit of enabling 
the examination of circadian patterns across multiple days 
or weeks of data. IS provides an index of how stable activity 
rhythms are over multiple days, quantifying similarities in 
activity profiles across multiple days [40, 41]. IV provides an 
index of how fragmented an individual’s rhythm is within a 
day, quantifying the rate of shifts between rest and activity, 
with higher scores reflecting increased fragmentation [40].

Although all mothers were asked to provide actigraphy 
data during each trimester, the number of data points col-
lected from this sample varied, with 83 mothers providing 
data during the first trimester, 127 mothers during the sec-
ond trimester, and 134 mothers during the third trimester, 
with 244 mothers providing actigraphy data during at least 
one trimester. Our primary analyses used the mean of each 
sleep and circadian metric collected over all three trimesters. 
However, as some previous research has identified trimester-
specific effects of maternal sleep disturbances on offspring 
outcomes [19, 24, 27], so we have opted to include a trimes-
ter-specific, exploratory analysis in Supplemental Appendix 
A (Supplemental Tables S1 and S2).

Self-reported maternal sleep problems. Maternal sleep 
problems were measured using the Pittsburgh Sleep Qual-
ity Index (PSQI [42]) collected during each trimester of 
pregnancy [43]. The PSQI is a well-validated, self-report 
measure for adults that assesses a variety of domains of 
sleep disturbance, including sleep quality, sleep duration, 
use of sleeping medication, etc., which are summed to yield 
one global score, with higher scores reflecting the presence 
of more sleep problems. Cronbach’s α values for the PSQI 
global score were 0.68, 0.65, and 0.67 for the first, second, 
and third trimester, respectively. Analyses used a single 
index of self-reported maternal sleep problems created by 
averaging PSQI global scores across trimesters.

Infant socioemotional outcomes

Parent-reported socioemotional outcomes. Infant socioemo-
tional outcomes were measured using the Infant–Toddler 
Social and Emotional Assessment (ITSEA), a validated, 
parent-report of child behavior for children ages 12-to 
36-months [44]. The ITSEA contains 166 items rated on a 
3-point scale, from (0) not true/rarely, (1) somewhat true/
sometimes, and (2) very true/often. Analyses examined 
three domains, including (1) externalizing problems—com-
prised of the activity/impulsivity, aggression/defiance, and 
peer aggression subscales, (2) internalizing problems—
comprised of the depression/withdrawal, general anxiety, 
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separation distress, and inhibition to novelty subscales, and 
(3) dysregulation—comprised of the sleep, negative emo-
tionality, eating problems, and sensory sensitivity subscales. 
Items in each subscale were averaged to form the subscale 
score, and subscale scores were averaged to form the over-
all domain score. T-scores were used for the externalizing 
and internalizing problems domains. As the dysregulation 
domain score also included the sleep subscale, we opted to 
create a modified dysregulation score that did not include 
the sleep subscale. Higher scores on each domain indi-
cate greater externalizing and internalizing problems and 
dysregulation.

Infant sleep disturbances

Infant sleep disturbances were measured using the sleep sub-
scale on the ITSEA. The sleep subscale contains five items 
assessing general sleep disturbances, including (1) “wakes 
up at night and needs help to fall asleep again”, (2) “has 
trouble falling asleep or staying asleep”, (3) “sleeps through 
the night”, (4) “must be held to go to sleep”, and (5) “wants 
to sleep in someone else’s room/bed.” Scores on these five 
items were averaged to reflect an index of general infant 
sleep disturbances, with higher scores indicating greater 
sleep disturbances.

Analytic plan

We began by using bivariate correlations to examine whether 
there were significant associations between study vari-
ables of interest. Next, we used linear regression to test our 
hypotheses about associations between maternal prenatal 
sleep and circadian rhythms and infant sleep disturbances 
when accounting for covariates, including infant sex, GA at 
birth, and child age at the Year 1 assessment.

Next, we used linear regression to examine the associa-
tion between maternal prenatal sleep and circadian rhythms 
and child socioemotional outcomes (i.e., internalizing 
problems, externalizing problems, and dysregulation). As 
we used t-scores to measure internalizing and externalizing 
problems (standardized based on age and sex), only GA was 
included as a covariate in these models. Models examining 
the dysregulation scale included all three covariates, as this 
score was a modified scale, not a T-score. Family-wise error 
was corrected for using the Benjamini–Hochberg False Dis-
covery Rate correction [45].

Finally, to explore if these associations remained signifi-
cant when controlling for additional, potentially relevant 
covariates, including family poverty and maternal depres-
sion, we re-examined significant models controlling for 
maternal depression and family income-to-needs ratios at the 
Year 1 assessment. Maternal depression was measured using 
the total score on the Edinburgh Postnatal Depression Scale 

[46], a self-report measure of maternal depression, where 
higher scores indicate increased depression symptoms. All 
analyses were conducted in R Version 4.3.1 [47].

Results

Sample descriptive statistics for the maternal sleep and cir-
cadian metrics, overall and by trimester, are presented in 
Table 1. In this cohort of 193 pregnant women, the actigra-
phy-based sleep and circadian metrics did not vary by tri-
mester (one-way ANOVAs, 0.15 < F’s < 2.41, p’s > 0.05). 
However, we did see differences between subjectively-
reported sleep differences across trimesters (one-way 
ANOVA, F = 5.54, p < 0.01). Post-hoc analysis using Tuk-
ey’s multiple comparisons of means indicated a significant 
difference between subjective sleep disturbances in trimester 
1 (M = 6.56) and subjective sleep disturbances in trimester 2 
(M = 5.50). Sample descriptive statistics for the infant out-
come variables are also presented in Table 1. The infants in 
our sample showed a range of sleep, externalizing, internal-
izing and dysregulation problems, similar to levels expected 
in a community sample.

Association between prenatal maternal sleep 
and infant sleep

Bivariate correlations between prenatal maternal sleep and 
circadian rhythms and infant sleep are presented in Table 2. 
There were significant correlations between prenatal mater-
nal sleep midpoints, CPD, and sleep problems and infant 
sleep problems, such that mothers who had later sleep mid-
points, more circadian misalignment (i.e., higher CPD val-
ues), and reported experiencing more sleep problems had 
infants with more sleep problems at Year 1. Each of these 
associations remained significant when controlling for infant 
sex, GA at birth, and age at the Year 1 assessment (Table 3).

When re-examining significant associations controlling 
for maternal depression symptoms at the Year 1 assessment, 
all of the significant findings remained (see Supplemental 
Table S3). Next, when re-examining significant associa-
tions controlling for family income-to-needs ratio, only the 
association between maternal self-reported sleep problems 
and infant sleep remained significant (see Supplemental 
Table S3), such that mothers who reported experiencing 
more prenatal sleep problems had infants with more sleep 
disturbances.

Association between prenatal maternal sleep 
and infant socioemotional outcomes

Bivariate correlations between prenatal maternal sleep and 
circadian rhythms and infant socioemotional development 
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are presented in Table 2. Broadly, mothers who had later 
sleep midpoints and more circadian rhythm disturbances 
(i.e., heightened circadian misalignment [higher CPD val-
ues], more variability in their rest-activity rhythms through-
out the day [higher IV values], and decreased stability of 
rest-activity rhythms between days [lower IS values]) during 
pregnancy had infants with greater externalizing problems. 
Mothers with more variability in their rest-activity rhythms 
throughout the day (i.e., higher IV values) had infants with 
greater internalizing problems. Mothers with later sleep 
midpoints, increased circadian misalignment (i.e., higher 
CPD values), and who reported more sleep problems had 
infants with more dysregulation.

Results of the regression analysis examining the 
association between maternal prenatal sleep and circa-
dian rhythms and parent-reported socioemotional out-
comes, controlling for relevant covariates, are presented 
in Table 4. Findings indicated that maternal sleep mid-
points, CPD, and IV were associated with infant external-
izing problems, such that pregnant mothers who had later 
sleep schedules, evidenced circadian misalignment (i.e., 
higher CPD values), and evidenced more variability in 
their rest-activity rhythms throughout the day (i.e., higher 
IV values), had infants with greater externalizing prob-
lems at age one. In addition, maternal sleep midpoints and 
self-reported sleep problems were associated with infant 

Table 1   Descriptive statistics for variables included in analysis

Except for the measure of Maternal Sleep Problems on the PSQI, all other maternal sleep and circadian metrics were derived from actigraphy 
data
HH:MM 24-h time, PSQI Pittsburgh Sleep Quality Index

Variable Mean SD Minimum Maximum

Maternal prenatal sleep (average across 
trimesters)

Sleep duration (hours) 8.89 1.10 5.10 12.08
Sleep midpoint (HH:MM) 03:03 1:12 00:12 06:35
Composite phase deviation 3.83 2.55 0.48 12.47
Intradaily variability 0.61 0.11 0.32 1.39
Interdaily stability 0.43 0.12 0.13 0.75
Sleep problems (PSQI) 6.41 2.79 1.00 16.00

Maternal prenatal sleep trimester 1 Sleep duration (hours) 9.12 1.18 5.65 12.08
Sleep midpoint (HH:MM) 02:49 01:13 11:22 06:43
Composite phase deviation 3.80 2.87 0.40 13.68
Intradaily variability 0.59 0.10 0.40 0.95
Interdaily stability 0.44 0.13 0.11 0.67
Sleep problems (PSQI) 6.70 3.38 1.00 17.00

Maternal prenatal sleep trimester 2 Sleep duration (hours) 8.86 1.19 5.10 13.00
Sleep midpoint (HH:MM) 03:07 01:14 22:56 06:35
Composite phase deviation 3.89 3.44 0.49 18.80
Intradaily variability 0.61 0.16 0.35 1.75
Interdaily stability 0.44 0.15 0.08 0.76
Sleep problems (PSQI) 5.63 2.88 1.00 17.00

Maternal prenatal sleep trimester 3 Sleep duration (hours) 8.92 1.03 6.01 12.13
Sleep midpoint (HH:MM) 03:00 01:13 00:52 06:58
Composite phase deviation 3.58 3.09 0.46 16.20
Intradaily variability 0.61 0.15 0.29 1.80
Interdaily stability 0.44 0.14 0.06 0.76
Sleep problems (PSQI) 6.54 3.09 1.00 18.00

Infant outcome variables (year 1) Sleep disturbances 0.49 0.42 0.00 2.00
Externalizing problems (T-score) 51.97 10.16 36.00 83.00
Internalizing problems (T-score) 46.77 10.04 28.00 79.00
Dysregulation 0.38 0.20 0.00 1.08

Covariates Gestational age at birth 38.01 2.00 28.00 41.00
Family income-to-needs ratio 3.62 3.09 0.38 12.15
Maternal depression (year 1) 5.94 4.53 0.00 19.00
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dysregulation, such that mothers who went to sleep later 
and reported more sleep problems had infants who evi-
denced increased dysregulation.

When re-examining significant associations controlling 
for maternal depression symptoms at the Year 1 assess-
ment, all of the significant findings remained, except 
for the association between maternal self-reported sleep 
problems and infant dysregulation (see Supplemental 
Table S4), which was likely attributable to the large asso-
ciation between maternal depression and infant dysregu-
lation (r = 0.27, p < 0.001). Next, when controlling for 
family income-to-needs ratios, all significant associations 
held, except for the associations between maternal CPD 
and externalizing problems and between maternal sleep 
problems and dysregulation (Supplemental Table S4).

Exploratory analysis: trimester‑specific effects 
of maternal sleep

The exploratory, trimester-specific analysis is included Supple-
mental Appendix A (Supplemental Tables S1 and S2). When 
we examined maternal sleep in each trimester separately, we 
found little evidence of consistent trimester-specific effects of 
exposure to maternal sleep and circadian rhythm disruption 
on infant sleep and socioemotional outcomes (Supplemental 
Tables S1 and S2).

Table 3   Linear regressions 
between infant sleep and 
average prenatal maternal 
sleep and circadian metrics 
controlling for infant sex, 
gestational age at birth, 
and child age at the year 1 
assessment

CPD composite phase deviation, IV intradaily variability, IS interdaily stability

Infant outcome Maternal sleep predictor β t p FDR-p

Infant sleep disturbances Sleep duration 0.09 1.19 0.24 0.28
Infant sleep disturbances Sleep midpoint 0.19 2.66 0.01 0.02
Infant sleep disturbances CPD 0.18 2.48 0.01 0.02
Infant sleep disturbances IV 0.05 0.63 0.53 0.53
Infant sleep disturbances IS  − 0.10  − 1.33 0.18 0.27
Infant sleep disturbances Sleep problems 0.25 3.45  < 0.001  < 0.001

Table 4   Linear regressions 
between infant socioemotional 
outcomes and average prenatal 
maternal sleep and circadian 
metrics controlling for 
infant sex, age at the Year 1 
assessment, and gestational age 
at birth

The modified dysregulation outcome is a raw score, so these regression models additionally controlled for 
child age and sex
CPD composite phase deviation, IV intradaily variability, IS interdaily stability, externalizing and internal-
izing problems are t-scored, accounting for child age and sex

Infant outcome Maternal sleep predictor β t p FDR-p

Infant externalizing problems Sleep duration – 0.01 – 0.08 0.93 0.93
Sleep midpoint 0.24 3.41  < 0.001 < 0.001
CPD 0.25 3.50  < 0.001  < 0.001
IV 0.23 3.20  < 0.001  < 0.001
IS – 0.14 – 1.89 0.06 0.09
Sleep problems 0.10 1.36 0.18 0.22

Infant internalizing problems Sleep duration 0.13 1.78 0.08 0.11
Sleep midpoint 0.12 1.70 0.09 0.11
CPD 0.13 1.78 0.08 0.11
IV 0.15 2.00 0.05 0.11
IS – 0.09 – 1.17 0.24 0.24
Sleep problems 0.13 1.74 0.08 0.11

Infant dysregulation (modified) Sleep duration 0.09 1.26 0.21 0.25
Sleep midpoint 0.20 2.80 0.01 0.03
CPD 0.16 2.23 0.03 0.06
IV 0.10 1.39 0.17 0.25
IS – 0.07 – 0.91 0.36 0.36
Sleep problems 0.20 2.80 0.01 0.03



1373European Child & Adolescent Psychiatry (2025) 34:1365–1377	

Discussion

Using both objective and subjective measures of sleep 
in mothers, the current study is the first to examine the 
association between maternal sleep and circadian rhythms 
during pregnancy and sleep and socioemotional outcomes 
in one-year-old infants. We found that mothers who exhib-
ited more prenatal sleep and circadian rhythm disturbances 
had infants with more sleep problems and poorer soci-
oemotional outcomes. Beyond the association between 
maternal prenatal sleep problems and infant dysregula-
tion at age one, all our findings held when controlling for 
maternal depression symptoms, suggesting that the asso-
ciation between mother and infant sleep and socioemo-
tional development exists above and beyond the effects of 
concurrent maternal mood symptoms on reports of infant 
sleep and socioemotional development. When controlling 
for family income-to-needs ratios, several findings were 
no longer significant, including the association between 
maternal sleep midpoints and infant sleep, the association 
between maternal circadian misalignment and infant sleep 
and externalizing problems, and the association between 
maternal sleep problems and infant dysregulation. This 
highlights the complex relationship between poverty—
which has a strong effect on maternal sleep during preg-
nancy [26], infant sleep [27], and infant socioemotional 
development [28]— and the pathway from maternal sleep 
disturbances and offspring outcomes.

Later sleep midpoints during pregnancy, as measured 
using actigraphy, were associated with greater infant exter-
nalizing problems and dysregulation (e.g., greater feeding 
difficulties, sensory sensitivities, and negative emotional-
ity). Sleep midpoints reflect the timing of an individu-
al’s daily sleep schedule, providing a proxy measure of 
their chronotype. Later sleep midpoints reflect a later 
(“evening”) chronotype. Research suggests that evening 
chronotypes experience increased risk for mood disor-
ders, impulsivity, and substance use [48, 49]. An even-
ing chronotype may be especially problematic during the 
first trimester when pregnant individuals tend to shift to 
an earlier chronotype, potentially due to changes in hor-
mones [50]. The maintenance of a late chronotype during 
pregnancy may reflect highly disturbed sleep, which might 
have downstream consequences for offspring. Although 
there has been some research on the impact of chronotype 
on pregnancy outcomes (e.g. [51],) additional research on 
the association between chronotype during pregnancy and 
offspring outcomes is clearly needed.

Additionally, we found that increased intradaily vari-
ability (IV) in rest-activity rhythms, as measured via 
actigraphy, was associated with greater infant externaliz-
ing problems. IV is index of fragmentation of rest-activity 

rhythms within a day, quantifying the rate of switches 
between rest and activity. Higher IV values can reflect 
less consolidated activity and sleep bouts, and more day-
time naps or nighttime activity. Fragmentation of activity 
rhythms has been associated with mortality and increased 
risk for depression, obesity, and cognitive decline in aging 
populations [52, 53]. However, little research has explicitly 
focused on circadian rhythm fragmentation during preg-
nancy, but our findings indicate potential consequences of 
fragmentation of activity rhythms during pregnancy and 
offspring outcomes.

We also found an association between subjective, prenatal 
sleep problems, based on mother report, and infant sleep and 
dysregulated behaviors. Mothers who reported more prena-
tal sleep problems had infants with more sleep disturbances 
and more dysregulated behavior at one year of age. Several 
additional significant associations between prenatal maternal 
sleep and infant sleep and socioemotional outcomes emerged 
but did not survive once we controlled for family poverty. 
The fact that poverty accounted for some of the association 
between maternal sleep and infant outcomes was unsurpris-
ing given demonstrated robust associations between pov-
erty and maternal prenatal sleep, infant sleep, and infant 
socioemotional development [28, 29, 31–36]. Poverty has 
been shown to impact both maternal and child sleep in a 
variety of ways, through the effects of both environmen-
tal (e.g., noise and light pollution, increased neighborhood 
crime, and non-ideal work schedules) and psychosocial (e.g., 
increased anxiety, role overload) factors. These factors likely 
have both direct (e.g., household crowding leads to directly 
to disturbed sleep) and indirect (e.g., increased neighbor-
hood crime leads to increased pre-sleep anxiety which in 
turn disturbs sleep) effects on child sleep. Because of this 
robust association, family poverty likely plays an important 
role in the association between prenatal maternal sleep and 
infant outcomes, especially infant sleep outcomes, and addi-
tional research exploring the nature of this association is 
warranted.

Our findings add to a small, but growing literature linking 
maternal prenatal sleep disturbances to infant sleep distur-
bances [20–23] and child socioemotional outcomes [1, 21, 
23] and extend these findings in important ways. Perhaps 
most critically, our study is the first to document associations 
between maternal prenatal sleep disturbances and child sleep 
and socioemotional outcomes using an objective measure 
of sleep disturbance (actigraphy) and including measures 
of circadian rhythm disruption. Next, whereas many prior 
studies have demonstrated effects of maternal prenatal sleep 
disturbances on infant outcomes in the early postnatal period 
(e.g., a few weeks to months after birth), the current study 
extends these findings to more distal outcomes when infants 
were approximately one-year-old, when daily sleep–wake 
rhythms have become more stabilized [4]. Second, with the 
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exception of Lahti-Pulkkinen et al. [23] and Lugo-Candelas 
et al. [24], our study is one of the only investigations to 
assess a variety of socioemotional domains that map onto 
symptoms of later psychiatric disorders. Finally, our study 
demonstrates associations between maternal prenatal sleep 
disturbances and infant outcomes in a larger and more 
racially and socioeconomically diverse sample than is typi-
cally studied, increasing the generalizability of findings.

There are several possible mechanisms through which 
maternal prenatal sleep might be associated with infant 
sleep and socioemotional disturbances. Circadian rhythms 
have been found to synchronize between mother and fetus 
[12–14], and irregular maternal sleep–wake cycles may 
disrupt the synchronization of circadian rhythms between 
mother and fetus, in turn negatively impacting fetal neu-
rodevelopment [15]. Altered brain development may also 
be a mechanism through which maternal prenatal sleep is 
associated with poorer infant outcomes; indeed, emerging 
evidence indicates that maternal sleep and circadian dis-
turbances during pregnancy are associated with structural 
brain alterations in neonates [26, 27]. Environmental influ-
ences such as maternal stress, depression, and/or maternal 
postnatal sleep disturbances may also help explain these 
associations [54]. Researchers have proposed a bidirectional 
relationship between sleep problems and the stress response 
system, whereby stress exposure can lead to sleep distur-
bances, and sleep disturbances can, in turn, increase stress 
reactivity [55]. Increased maternal stress during pregnancy, 
which might be both caused and exacerbated by sleep dis-
ruptions, is a possible mechanism for long-term develop-
mental effects in offspring, including sleep disruptions [56] 
and psychopathology [57]. It is also possible that maternal 
sleep problems during pregnancy continue postpartum and 
impact parenting and the mother–child relationship [58, 59]. 
Mothers with sleep problems may show increased levels of 
exhaustion and subsequently be less emotionally available 
to their child, provide lower levels of linguistic and cogni-
tive stimulation, or be less likely to institute healthy child 
sleep habits, leading to poorer offspring socioemotional 
development. In addition, prenatal sleep disturbances have 
been previously associated with shorter GA [6], which is 
also associated with infant sleep disturbances [60], suggest-
ing a pathway from maternal to infant sleep disturbances 
through early birth. Future research should further elucidate 
the extent to which the current findings reflect prenatal pro-
gramming of the developing fetal nervous system versus the 
influence of features of the postnatal environment.

Our findings add to mounting evidence that prenatal 
maternal sleep disturbances are associated with a host of 
poor fetal and infant outcomes, also including restricted 
fetal growth [6], preterm birth [3], and altered neonatal brain 
volumes [26, 27]. This literature suggests that improving 
maternal sleep during pregnancy could be a useful target for 

interventions aimed at reducing maternal and fetal risk for 
negative outcomes. Interventions, such as providing psych-
oeducation about the importance of sleep during pregnancy 
and connecting pregnant individuals with sleep disturbances 
with evidence-based sleep interventions, could mitigate 
maternal and infant risks. Finally, our findings suggest mul-
tiple, specific sleep characteristics—including sleep and cir-
cadian timing—to target in such interventions. For example, 
chronotherapies that directly affect circadian rhythms, such 
as bright light therapy, wake therapy, and social rhythms 
therapy are effective behavioral interventions with few to no 
side effects [61] that could be delivered to pregnant individu-
als experiencing sleep disturbances.

This study also had limitations. Our measure of infant 
sleep relied on a relatively brief parent-report, rather than 
an objective measure of infant sleep. Although in the future 
we hope to use more objective measures of sleep during 
infancy and childhood to further characterize the associa-
tion between prenatal sleep and circadian disruptions and 
child sleep, the current study is an important first step to 
establishing this association. Moreover, although the sample 
size in this study was larger than many published studies 
of associations between maternal prenatal sleep and infant 
outcomes, only a subset of women with actigraphy data were 
recruited into the eLABE study that examined infant out-
comes. A major limitation of the current study was the large 
amount of missingness in the actigraphy data collected at 
each trimester. Although we did not see evidence for con-
sistent and coherent trimester-specific effects across sleep 
measures in our exploratory analysis, this could be attributed 
to limitations in the sample size of our actigraphy data rather 
than a true lack of trimester-specific effects. Given that prior 
research has found evidence of varied effects of sleep dis-
turbances across trimesters on offspring outcomes [19, 24, 
27], future larger studies examining trimester-specific effects 
of prenatal maternal sleep disruptions on offspring sleep 
and socio-emotional outcomes will be critical. In addition, 
despite large efforts to retain subjects in the study, moth-
ers who were not able to be included in our analysis due to 
missing actigraphy data during pregnancy or missing infant 
data at age one year were more likely to be living in poverty, 
to be younger, to be Black, and to be experiencing prena-
tal depression symptoms. However, this missingness likely 
reduced our detectable effect size, rather than causing or 
inflating spurious correlations. Our significant findings, in 
the presence of this missingness, underscore the strength of 
the association between maternal prenatal sleep and infant 
outcomes. Finally, we did not assess mother sleep in the first 
year of life—and thus it is possible that maternal postnatal 
sleep disturbances are a primary driver of observed effects. 
Future research should consider how maternal postnatal 
sleep affects the association between maternal prenatal sleep 
and infant outcomes.
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Overall, we found that maternal sleep and circadian 
rhythm disturbances during pregnancy were associated 
with infant sleep disturbances and were also associated with 
infant socioemotional disturbances even when controlling 
for infant sleep disturbances. Our findings suggests that 
maternal prenatal sleep and circadian rhythm disturbances 
may be a risk factor for infant sleep problems and socioemo-
tional disturbances and may be an important target of pre-
ventive interventions during pregnancy.
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