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Abstract

Objectives: To investigate the influence of maternal physiological and psychological factors 

during pregnancy and after birth on infant and children’s sleep outcomes.

Methods: Six databases were searched from inception to April 2021. Longitudinal studies that 

investigated the association of risk factors during and after pregnancy and children’s sleep-related 

outcomes were included. Hedge’s g and odds ratio were pooled as effect size with random-effects 

model, respectively.

Results: A total of 32 papers were included. Both prenatal maternal alcohol use (OR = 1.85, 

95% CI: 1.04, 3.28) and tobacco smoking (OR = 1.28, 95% CI: 1.01, 1.62) were associated with 

shorter child sleep duration. Pre- and postnatal maternal depression symptoms were associated 

with increased child sleep problems at six months of age (OR = 1.97, 95% CI: 1.19, 3.24, and 

2.05, 95% CI: 1.37, 3.07, respectively). Pre- and postnatal maternal major depression disorder 

were associated with shorter sleep duration (Hedge’s g = −0.97, 95% CI: −1.57, −0.37) and lower 

sleep efficiency (Hedge’s g = −1.44, 95% CI: −1.93, −0.95). Prenatal anxiety had no impact on 

child sleep problems (OR = 1.34, 95% CI: 0.86, 2.10).

Conclusion: Maternal pregnancy and obstetric factors, and psychological factors are potential 

risk factors of poor child sleep health. Future research is warranted to better understand the impact 

of these risk factors on long-term child sleep outcomes and their potential mediating mechanisms.
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INTRODUCTION

Sleep is essential for maintaining human daily functioning and good health and wellbeing. It 

is estimated that poor sleep health affects 10–28.3% of infants and school-aged children 1,2. 

Poor sleep health is associated with disrupted glucose metabolism 3 and obesity in children 
4. It also has negative effects on cognition, including decreased alertness and attention 5 

and poor school performance in children 6. The high prevalence of poor sleep health in 

children and the wide negative consequences of poor sleep health on children’s physical and 

psychological well-being has made children’s sleep health a public concern. Identifying risk 

factors for children’s poor sleep health is warranted.

From the socioecological perspective, a wide array of individual-level factors, family and 

community-level factors, and more upstream social and societal factors contribute to sleep 

health 7,8. Among these factors, perinatal factors are of particular importance and warrant 

further investigation, since human sleep development starts from fetal life 9 and greatly 

changes during the first years of life 10. Maternal physiological factors, including pregnancy 

and obstetric factors (e.g., born with small for gestational age, and cerebral hemorrhage) 
11, preterm birth 9, and maternal substance use during pregnancy 12, are associated with 

compromised child sleep. However, the relationship between pregnancy and obstetric factors 

and child sleep, together with its underlying mechanisms, remains an under-investigated area 

of study 9.

Regarding psychological factors, both prenatal 13 and postnatal maternal depressive 

symptoms 14 were correlated with child shorter sleep duration. Postnatal maternal 

depression can also predict increased infant night waking and problematic sleep patterns 
15. However, prenatal and postnatal depression are highly correlated 16 and thus may 

have a potential mediating relationship. Yet, few studies have investigated both pre- and 

postnatal maternal depression and their implication in the prediction of child sleep. Other 

psychological factors such as maternal anxiety and stress may also play a role in child 

sleep health. A recent study found that maternal prenatal anxiety comorbid with depression 

were associated with shorter total sleep duration, longer settling time, and higher sleep 

problems in toddlers 17. Another study reported that maternal prenatal psychological stress 

was associated with parent-reported sleep problems and increasing variability in actigraphy-

measured circadian power in toddlers 18. However, the relationship between maternal 

prenatal anxiety, stress, and child sleep remains under investigated.

Beyond influencing children’s macro sleep architecture (e.g., sleep duration and sleep 

efficiency) and subjective-reported sleep problems, physiological factors such as preterm 

birth 19 and psychological factors such as psychological stress during pregnancy 18 were also 

found to be associated with alterations in children’s micro sleep architecture. Sleep micro-

architecture such as δ power and σ power can be quantified by power spectral analysis of the 

electroencephalogram and reflect nuanced deep sleep status and homeostatic regulation that 

cannot be captured by macro-architecture metrics 19. Thus, micro-architecture changes may 

indicate further changes within children’s sleep health.
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Recently two systematic reviews found that family context 20 and paternal parenting factors 
21 were associated with early childhood sleep health. Specifically, household chaos and poor 

marital relationships were associated with children’s sleep problems and sleep timing 20. 

Paternal postnatal depression and parenting stress were positively linked to children’s sleep 

problems, bedtime difficulties, and sleep consolidation, while more paternal involvement in 

children’s bedtime caring and interaction was associated with children’s higher sleep quality 

and sleep-wake self-regulation 21. To our knowledge, no systematic review has explored 

multiple domains of early risk factors of infant and children’s sleep health. This systematic 

review aimed to examine the relationship among a wide array of perinatal physiological and 

psychological risk factors before, during, and after birth and children’s sleep architecture as 

well as parent-reported sleep problems.

METHODS

This systematic review and meta-analysis followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) 22 (see Figure 1).

Data sources and search strategy

Six databases including PubMed, EMBASE, Cochrane Library, CINAHL, Scopus, and APA 

PsychInfo were searched from inception to April 2021. The search strategy for PubMed was 

((((((child[MeSH Terms]) OR (children[MeSH Terms])) OR (pediatrics[MeSH Terms])) OR 

(infant[MeSH Terms])) AND (((sleep[MeSH Terms]) OR (circadian rhythm[MeSH Terms])) 

OR (sleep*))) AND (((((depression[MeSH Terms]) OR (anxiety[MeSH Terms])) OR (Risk 

Factors[MeSH Terms])) OR (Life Change Events[MeSH Terms])) OR (Smoking[MeSH 

Terms]))) AND ((((((maternal[MeSH Terms]) OR (Mothers[MeSH Terms])) OR (Obstetric 

Labor Complications[MeSH Terms])) OR (Obstetric Complication*)) OR (Maternal 

Exposure[MeSH Terms])) OR (preterm birth[MeSH Terms])). These keywords were chosen 

based on our preliminary reading of relevant articles and the consultation of a librarian. 

The search strategy was adapted according to the indexing systems of other databases. 

Language and study design filters were used in the initial search to enhance the specificity 

of the literature search. Regarding grey literature, four sleep society websites (i.e. British 

Sleep Society, American Academy of Sleep Medicine, World Sleep Society, and Sleep 

Research Society) and the websites of three maternal child health organizations (i.e. Center 

on Developing Child, Bill &Melinda Gates foundation, and National Partnership for Women 

& Families) were searched. Two relevant studies were found from the above websites and 

were included for screening. Two rounds of screening were conducted by two reviewers 

independently. First, the titles and abstracts of acquired articles were screened for their 

relevance and eligibility for the current systematic review. Then relevant articles that were 

in line with the inclusion criteria were included for full-text screening. Articles evaluated 

as relevant after two rounds of screening were included for data extraction and quality 

appraisal.

Inclusion criteria

Table 1 showed the inclusion criteria based on the population, intervention/exposure, 

comparison, outcome, and study design (PICOS) framework. Specifically, observational 

Dai et al. Page 3

J Dev Behav Pediatr. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



studies, including outcomes of case-control and longitudinal studies that investigate the 

association between perinatal physiological and psychological factors and children’s sleep 

health, were included. Only longitudinal studies and case control studies were included 

since they provide more insights in the direction of the associations between predictors and 

outcomes 23. Multiple papers generated from the same data source were reviewed as a single 

study and only relevant data were included.

Exclusion criteria

Reviews, conference proceedings, and abstracts were excluded since this study focused 

primarily on peer-reviewed original studies. Non-English language papers were also 

excluded due to lack of time and funding to use professional translations. Studies that did 

not contain a control group were excluded. Studies focused on sleep disordered breathing, 

sudden infant death, and familial and environmental risk factors of child sleep were excluded 

due to the scope of the current review. Studies with focus on paternal parenting factors 

were excluded to avoid duplication with a recently published systematic review 21. Studies 

exploring the exposure factors beyond the first six months post-delivery were excluded since 

the first six months after birth was defined as the postpartum period 24.

Data extraction

A standardized data extraction form was developed and included the following information: 

year of publication, country, aim of study, study design, population characteristics, perinatal 

exposure and their measurement tools, children’s sleep outcome and measurement tools, 

timepoints and duration of follow-up, main results including effect size and confidence 

intervals, and adjusted variables.

Study quality

All of the included studies used a longitudinal design. The quality of these studies 

was evaluated by the Newcastle-Ottawa Scale (NOS) with three dimensions: selection, 

comparability, and exposure 25. The total possible score for the NOS is 9, with higher scores 

indicating higher quality 25. Since potential bias in poor quality studies can influence the 

conclusion of a systematic review, only studies evaluated as having high or moderate quality 

were included for our data synthesis.

Data synthesis

Meta-analysis was only conducted when studies reported the same exposure and same sleep 

outcomes. Additionally, meta-analysis was only feasible when the sleep outcomes were 

all reported in the same format (i.e., all reported in continuous format, or all reported 

in dichotomous format). The effect sizes were pooled according to the categories of risk 

exposures and sleep outcome variables. Regarding continuous variables, Hedge’s g was 

pooled as the effect size since each sleep outcome was generally measured by different tools 

across the included studies. For dichotomous outcome variables, the odds ratio (OR) was 

pooled as the effect size. Following the recommended good practice of meta-analysis of OR 
26, the unadjusted ORs were directly computed when the number of events and frequencies 

were provided in the original studies. Random-effects models were used in all analyses 
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since it was more appropriate in combining effect sizes from heterogeneous populations 27. 

Heterogeneity and variation in the pooled estimations were computed by Cochrane’s Q test 

and I2 respectively, with a p value < 0.1 indicating significant heterogeneity, and I2 values of 

25%, 50%, and 75% indicating minor, moderate, and high heterogeneity respectively 28. Due 

to the small number of included studies in each comparison (n < 3), subgroup analysis and 

publication bias were not appropriate and thus were not conducted.

The statistical synthesis was conducted with R (version 4.0.2). When a sleep outcome was 

measured at multiple timepoints, only the outcomes measured at the same or adjacent child 

developmental stage were combined during data comparison. The population characteristics 

and the name of the cohort study (when provided) were carefully checked to identify papers 

from the same study to prevent the result of the same participants being included more than 

once in the same comparison. Narrative summary was conducted to synthesize the findings 

of included studies when statistical synthesis was not appropriate.

RESULTS

Characteristics of included studies

As shown in Figure 1, a total of 1711 papers were retrieved from the literature search. A 

total of 32 papers reporting the results of 30 studies were included for quality appraisal 

and data synthesis. The included studies were conducted in the US (n = 3), Canada (n 

= 1), Brazil (n = 2), Europe (n = 14), Asia (n = 3), and Oceania (n = 7). Three studies 

employed retrospective longitudinal study design and asked parents to recall perinatal risk 

exposure 29–31, while other studies employed the prospective longitudinal design. Nine 

studies explicitly reported a population-based participant recruitment 16,32–39. The follow-up 

frequency ranged from 1–6 times, with the earliest postnatal follow-up started from 10 

days after birth 40 and the longest follow-up happened at 24 years of the children’s age 34. 

Regarding study quality appraisal, 96.67% (29/30) of included studies had the NOS score 

ranging from 6 to 8, indicating moderate to high quality. Detailed characteristics of included 

studies were listed in Table 2 to Table 3.

Characteristics of child sleep outcome measurements

Sleep outcomes were assessed using a variety of methods, including self-report 

questionnaires only (n = 23), objective measures such as actigraphy or polysomnography 

only (n = 3), and using both subjective and objective measures together (n = 4). The 

majority of the included studies used validated questionnaires, self-developed questions, 

and sleep diary to ask parents to report child sleep outcomes. Validated questionnaires 

included the Infant Toddler Social Emotional Assessment (ITSEA) 41, the Brief Infant 

Sleep Questionnaire (BISQ) 7,16,39,42–44, the Child Behavior Checklist (CBCL) 30,35,45–49, 

the Sleep Disturbance Scale for Children (SDSC) 37,42,50,51, the modified Sleep Habit 

Questionnaire (SHQ) 29, the Child Sleep Habit Questionnaire (CSHQ) 52,53, and the Sleep 

Practices Questionnaire (SPQ) 54. Figueiredo and colleagues (2017) used the Infant Sleep 

Chronogram to ask parents to draw the children’s sleep and wake duration 55.
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Physiological risk factors

For the purposes of this study, physiological risk factors were operationally divided into 

pregnant and obstetric factors, and substance use.

Pregnant and obstetric factors—Four studies investigated preterm birth as a main 

risk factor for child sleep problems and its larger relationship with child macro sleep 

architecture, sleep habits, and sleep problems 31,34,42,56. The relationship between preterm 

birth and child macro sleep architecture remains inconsistent. Two studies found no 

differences in most macro sleep architecture variables including bedtime, get up time, total 

sleep duration, nocturnal wakefulness, sleep midpoint, and circadian preference between 

preterm and full term children at 2 years of age 42 and in early adulthood 34. However, in 

another study of 5-to-12 year-olds that employed polysomnography to measure and compare 

sleep in preterm children with fetal growth restrictions, preterm children with appropriate 

birth weight for gestational age, and full term children, the preterm children with appropriate 

birth weight for their gestational age had a significant decrease in total sleep duration, 

sleep efficiency, and non-rapid eye movement sleep, and a significant increase in wake 

after sleep onset compared to the other two groups 31. This study also investigated micro 

sleep architecture and found that preterm children had altered microarchitecture compared 

to full-term children. Specifically, preterm children with fetal growth restriction had the 

highest δ and α power (p <0.01), while preterm children with appropriate birth weight for 

gestational age had the lowest θ and β power (p < 0.01) 31.

Although the relationship between preterm birth and child macro sleep architecture remains 

inconsistent, there is a consistent upward trend in parent-reported sleep problems in 

preterm children. Specifically, preterm children experienced increased parent-reported sleep 

difficulties (e.g., nocturnal movement, restlessness during the night, etc., with the Hedge’s 

g = 0.42, 95% CI: 0.04, 0.80, p = 0.03) 42, and parent-reported sleeping problems at 

children’s 18 months of age (Hedge’s g = 1.14, 95% CI: 0.64, 1.65, p < 0.001) 56. Two 

studies investigated a wide range of maternal and child risk factors and found no significant 

relationship between preterm birth history, child sleep duration trajectory, (AOR = 1.22, 

95% CI: 0.89, 1.67) 57 and frequent night waking trajectory (AOR = 1.11, 95% CI: 0.64, 

1.92) 58.

Other prenatal and obstetric factors were also found to be potential risk factors for poor 

sleep in children. Shang et al. (2006) reported that vaginal bleeding during pregnancy was 

correlated with child sleep talking (OR = 2.0, 95% CI: 1.2, 3.2) and nightmares (OR = 

1.9, 95% CI: 1.1, 3.5) at 4–9 years of age, while being first-born was associated with both 

child sleep talking (OR = 1.9, 95% CI: 1.4, 2.6) and bruxism (OR = 1.8, 95% CI: 1.3, 2.5) 
29. However, two studies found no correlation between birth order and child night waking 

trajectories from 2–6 years of age 58 and child sleep duration at age 18 59. Additionally, 

lower birth weight (OR = 1.7, 95% CI: 1.1, 2.7) and shorter birth length (OR = 2.2, 95% CI: 

1.3, 3.7) were associated with low sleep efficiency at age eight 51.

Substance use—A total of 12 studies reported the association of maternal prenatal 

substance use including alcohol 32,51,53,57,60,61, tobacco smoking 13,16,47,51,53,62, tobacco 
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and cannabis use 46, and drug use and opioid maintenance treatment 63 with child sleep 

outcomes. Prenatal maternal alcohol drinking was associated with shorter child sleep 

duration (pooled OR = 1.85, 95% CI: 1.04, 3.28, p = 0.0352, I2 = 21.6%, see Figure 

2a), lower sleep efficiency (OR = 3.6, 95% CI: 1.3, 10.0, n = 289) 51, and increasing sleep 

problems at 6 months of age (OR = 6.4, 95% CI: 2.69, 15.23, n = 1303) 32.

In addition, another study found that maternal heavy alcohol intake during pregnancy may 

have long-term impact on child sleep problems. One study found that maternal heavy 

alcohol intake (>=1 glasses of alcohol per day) during pregnancy was associated with child 

sleep problems at seven years of age (β = 2.55, 95% CI: 0.21, 4.89, n = 2746) 53. Another 

study also reported that heavy alcohol drinking during pregnancy (drinking > 7 standard 

drinks per week on average, or drinking >= 5 drinks per occasion on more than 2 occasions 

per week, or drinking >=11 drinks per occasion) was predictive of sleep problems across 

2–9 years of age (adjusted β = 0.557, 95% CI: 0.127, 0.988, n = 3447) 61.

Regarding maternal tobacco smoking, Gillioen and colleagues (2017) employed 

polysomnography to measure child sleep outcomes and found that maternal tobacco 

smoking during the whole pregnancy was associated with decreased child total sleep 

duration by 30.6 minutes at birth (p < 0.001) 62. Tobacco use can also increase the risk 

of short sleep duration at later age (pooled OR = 1.28, 95% CI: 1.01, 1.62, p = 0.0437, I2 

= 0, see Figure 2b). Prenatal tobacco smoking was consistently found by four studies to be 

associated with child sleep problems 46,47,53,60. Compared to postnatal maternal smoking, 

prenatal tobacco smoking was more predictive of children’s sleep problems at 14 years 

of age reported both by their mother (OR: 1.63, 95% CI: 1.30, 2.05, n = 3421), and by 

themselves (OR: 1.29, 95% CI: 1.05, 1.60, n = 3405) 47. Higher frequency of tobacco and 

cannabis use during pregnancy was associated with higher sleep problem scores at three 

years of age in children and the association was stronger for girls 46.

One study employed opioid maintenance treatment targeting women who used drugs before 

pregnancy and the impact of this treatment on infants’ sleep-wake cycles and distress and 

found that there was no statistically significant difference in these infants’ total sleep time, 

awake time, and distress bouts (all p > 0.05) compared to children whose mothers did not 

report any pre-pregnancy drug use 63. One study investigated maternal pre- and postnatal 

heavy caffeine intake (>= 300 mg/day) and found that caffeine intake had no relationship 

with children’s frequent night waking at three months of age (Prevalence Ratio = 1.65, 95% 

CI: 0.86, 3.17, p = 0.135) 36.

Psychological factors

Psychological risk factors investigated in the included studies were categorized into 

negative emotions and positive emotions. Regarding negative emotions, maternal depression 

symptoms were the most commonly investigated risk factor (n = 10), followed by anxiety 

symptoms (n = 4), major depression disorder (n = 3), distress (n = 3), anxiety disorder (n = 

1), postnatal general mental health (n = 1), and postpartum PTSD (n =1). Positive emotions 

included happiness during pregnancy (n =1), and satisfaction with life during pregnancy (n = 

1).
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Regarding maternal depression symptoms, two studies reported that compared to children 

whose mother did not experience prenatal depressive symptoms, children with prenatal 

maternal depressive symptoms exposure had significantly shorter 24-hour total sleep 

duration at 3 months (Hedge’s g = −0.27, 95% CI: −0.48, −0.06, n = 554) 16, 6 months 

(β = −0.61, 95% CI: −0.96, −0.26), 12 months (β = −0.39, 95% CI: −0.72, −0.06), and 

24 months of age (β = −0.70, 95% CI: −0.94, −0.45, n = 1676) 13, respectively. Moreover, 

both pre- and postnatal maternal depression symptoms were associated with increased child 

sleep problems at 6 months of age, with pooled OR = 1.97 (95% CI: 1.19, 3.24) and 

2.05 (95% CI: 1.37, 3.07) respectively (see Figure 3). Random effects models found no 

association between prenatal maternal depression symptoms and children’s frequent night 

waking (pooled OR = 1.23, 95% CI: 0.97, 1.56, p = 0.082, I2 = 75%, see Figure 4) or 

sleep latency (pooled Hedge’s g = 0.97, 95% CI: −0.90, 2.84, p = 0.390, I2 = 89.6%, see 

supplementary Figure 1).

Compared to prenatal depression symptoms, postnatal maternal depression symptoms were 

more predictive of child sleep problems at a later age. One study found that compared 

to prenatal depression symptoms, maternal postpartum depression symptoms were more 

predictive of infants’ overall sleep problems scoring (β = 0.25, p = 0.002) and bedtime 

resistance (β = 0.20, p = 0.014, n = 164) at 6 months of age 52. Liu and colleagues (2020) 

employed a self-developed questionnaire to evaluate maternal depressive emotions and 

found that postpartum maternal depressive emotions were predictive of preschool children’s 

sleep problems (B = 3.41, standard error = 0.72, p = 0.04, n = 1257) 30. Maternal depressive 

symptoms may have long-term impacts on child sleep. One study found that postpartum 

maternal depressive symptoms were associated with children’s sleep problems at 18 years 

of age (OR = 1.26 95% CI: 1.15, 1.39, p < 0.001, n = 2913) after adjusting for prenatal 

maternal depressive symptom and adolescents’ concurrent depression 64.

Two studies investigated pre- and postnatal maternal major depression disorder and its 

relationship with child macro sleep architecture 65,66. Random-effects model showed that 

pre- and postnatal maternal depression disorder was associated with shortened child total 

sleep duration (pooled Hedge’s g = −0.97, 95% CI: −1.57, −0.37, p = 0.002, I2 = 28.5%, see 

Supplementary Figure 2a) and lower sleep efficiency (pooled Hedge’s g = −1.44, 95% CI: 

−1.93, −0.95, p < 0.001, I2 = 0, see Supplementary Figure 2b). Pre- and postnatal maternal 

depression disorder was also predictive of longer nocturnal sleep latency in children, more 

daytime sleep episodes, and increased night waking (all p < 0.05) 65,66. In addition, two 

studies investigated maternal pre- and postnatal use of antidepressants 35,43. Both studies 

adjusted for pre- and postnatal maternal depression symptom and found no association 

between maternal antidepressant use during pregnancy and infants’ sleep duration, nocturnal 

wakefulness, sleep onset, or parent-reported infant sleep problems 43,67.

Mediating relationships between maternal depressive symptoms and child sleep health have 

also been found in three studies. Toffol and colleagues (2019) found that postpartum 

maternal depressive symptoms partially mediated the associations between prenatal maternal 

depressive symptoms, child sleep latency, and total sleep disorders, and fully mediated the 

associations between prenatal maternal depressive symptoms, child nocturnal sleep duration, 

and night waking 37. Infant temperament 14 and child behavior 30 were also found as 
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mediators between maternal depressive symptoms and child sleep respectively. Specifically, 

the indirect effect of maternal prenatal depression on child night waking frequencies through 

infant negative affectivity remained statistically significant (z = 0.0011, 95% bootstrapping 

CI: 0.0004 – 0.0018) 14. Child behavior problems mediated the association between 

maternal pre- and postnatal depressive symptoms and child sleep problems 30.

Several studies explored other maternal negative psychological factors and their relationship 

with child sleep 13,39,40,45,48,53,68–70. Specifically, three studies reported an inconsistent 

relationship between maternal prenatal anxiety and child sleep problems 40,69,70. Our pooled 

results found no predictive effect of maternal anxiety on child sleep problems, pooled OR 

= 1.34 (95% CI: 0.86, 2.10), p = 0.194, I2 = 62.5% (see Supplementary Figure 3). Other 

negative maternal psychological factors were also found to be associated with poor child 

sleep health. Postpartum PTSD seemed to predict child night waking frequency and duration 

(β = 0.10 and β = 0.08, respectively) and sleep problems (β = 0.12), all p < 0.01 39. Another 

psychological factor, disaster-related prenatal maternal stress, predicted higher child sleep 

problem scores (β=0.249, p = 0.003) 48. However, Chuang and colleagues (2011) reported 

that maternal postnatal general mental health was not associated with child sleep problems 

(β = 0.011, p = 0.484) 45.

While most studies focused on negative emotions, there are emerging studies reporting 

the influence of positive emotions during pregnancy. They found a protective influence of 

positive emotions on parent-reported child sleep problems. Women’s self-reported happiness 

during the first (β = −1.71, p < 0.001), second (β = −1.91, p = 0.04) and third trimesters (β 
= −2.27, p = 0.001) were associated with lower child sleep problem scores 30. Additionally, 

satisfaction with life during pregnancy was associated with fewer child sleep problems (OR 

= 0.50, 95% CI: 0.27, 0.92) 32.

DISCUSSION

Child sleep disturbance is a major public health concern given its negative consequences 

for physical, cognitive, and emotional/behavioral outcomes 71,72. An increasing number 

of studies have recognized the contributing role of perinatal factors in children’s sleep 

outcomes. To our knowledge, this is the first systematic review and meta-analysis 

investigating the associations of a wide array of physiological and psychological factors 

and child sleep health outcome. The overall results showed the following were potential 

risk factors of child sleep health: prenatal physiological factors (e.g., preterm birth, obstetric 

complications, and maternal alcohol or tobacco use), psychological factors (e.g. pre- and 

postnatal maternal depression symptoms, major depression disorder, general stress, disaster-

related prenatal stress, and postnatal PTSD). On the other hand, happiness and satisfaction 

with life during pregnancy were protective factors of parent-reported child sleep problems 

and sleep onset difficulty.

Physiological risk factors

Pregnancy and obstetric factors—Preterm birth was the most frequently reported 

obstetric exposure. However, the findings of these studies reported inconsistent relationships 

between preterm birth and child sleep macro architecture including bedtime, morning 
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wake time, sleep duration, night awakenings, and sleep midpoint. One potential reason 

for the inconsistency in these studies was the employment of different sleep measures 

such as actigraph, polysomnography, and subjective reports. However, preterm birth was 

consistently found as a predictor of child sleep problems in early childhood. Additionally, 

preterm children have also been reported to have altered micro sleep architecture including 

δ, α, θ, and β power. A possible mechanism for the predictive effect of preterm birth 

on poor child micro-sleep architecture and parent-reported sleep problems is that preterm 

infants have a higher risk of impaired neurodevelopment and circadian development 9. Since 

preterm neonates usually are admitted in the neonatal intensive care unit (NICU), extrinsic 

factors such as clinical treatments, light, and noise in the NICU may impair sleep quality 

and continued development of neurofunction 73. The common morbidities preterm neonates 

experience such as hypoxia and cerebral ischemia may also play a role in altering sleep 

health 9. Regarding full-term children with small body size at birth, this often indicates 

intrauterine growth restriction (IUGR). Children with IUGR have a greater reduction in 

brain structure, organization of neural connections between brain regions, and less neural 

myelination 74. Since sleep can be considered as a complex phenotype of brain and neural 

plasticity development 75, alteration in brain and neural function are likely to be presented 

through sleep.

Substance use—Consistent with the larger body of evidence, prenatal alcohol use (at 

least once a week) and tobacco and cannabis use in the included studies were all found 

as predictors of a wide range of factors associated with worse quality of child sleep, 

including shorter sleep duration, lower sleep efficiency, and increasing sleep problems, with 

a dose-response relationship in both alcohol 32 and tobacco and cannabis use 46. A potential 

mechanism for this relationship is that alcohol exposure is detrimental to fetus central 

neural system development 76. Tobacco smoking and cannabis use during pregnancy may 

activate fetal nicotinic acetylcholine receptors, resulting in changes in intrinsic modulating 

function of neurotransmitters 77. Moreover, a bidirectional relationship was found between 

child sleep/behavior problems and maternal pre- and postnatal alcohol use 32 and tobacco 

and cannabis use 46. One possible reason for the association between child sleep/behavior 

problems and subsequent maternal substance use is that when facing child sleep problems, 

mothers with substance use history may find the problem challenging and not feel they 

have enough competence to deal with the problem. Under this stressful situation, the lure to 

continue substance use out-competes the drive to fulfill the parenting role 78.

Psychological factors

Meta-analytic pooled results in the current study showed that pre- and postnatal maternal 

depressive symptoms were associated with significant shorter sleep duration and increased 

sleep problems during early childhood. Similarly, maternal pre- and postnatal major 

depressive disorder was associated with shorter sleep duration, lower sleep efficiency, lower 

sleep latency, increased daytime sleep episodes, and increased night waking in children. 

The relationship between maternal depression and poor child sleep health is in line with 

the findings of other research. In a recent population-based cross-sectional study, moderate/

severe maternal depressive symptoms were associated with less than 10 hour/day of sleep 

duration in preschool children 79. Similarly, another study also reported that higher number 
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of infant sleep bouts (i.e., infant going to sleep and waking up) per 24 hours were associated 

with maternal depressive symptoms at 2 and 6 weeks postpartum 80. Other negative 

psychological factors, including postpartum PTSD and prenatal disaster-related stress, were 

found to be predictive of child night waking 39 and sleep problems 48.

The mechanism underlying maternal negative psychological factors and child poor sleep 

health remains unclear. One potential mechanism is that infant temperament and children’s 

behavior problems mediate the pathway from maternal depression to child sleep night 

waking 14,30, and thus highlights the potential of enhancing sleep and behavior regulation 

strategies as interventions to improve children’s sleep health. From the physiological 

perspective, maternal prenatal alterations in the hypothalamic-pituitary-adrenal (HPA) axis 

function may play a role in this relationship 81. Specifically, prenatal depression and 

stress activate maternal HPA axis through the paraventricular nucleus of the hypothalamus, 

resulting in maternal increasing production of glucocorticoids 82, which further reset the 

phase of fetus circadian clock system 83. Due to the circadian rhythm and HPA axis 

development during early infancy, the effect of increased cortisol level during pregnancy 

may become evident during late life 82. Moreover, maternal negative psychological signals 

such as depression and stress can interfere with the programming of fetus circadian clock 

genes and have lasting impact on offspring’s sleep 82. Another potential reason is that 

depressed mothers are more inclined to dysfunctional perceptions about child sleep and are 

more likely to have suboptimal interaction and mitigation strategies to deal with children’s 

poor sleep behavior 84. However, since most included studies that investigated prenatal 

depression and child sleep did not control for maternal concurrent depression level when 

child sleep outcome was measured, they may miss important changes in maternal depression 

during the perinatal period and fail to detect the dynamic effects of perinatal maternal 

depression on child sleep 85. Future research should consider including both pre- and 

postnatal maternal depression in analysis.

It is noteworthy that maternal depressive symptoms did not contribute to every aspect of 

children’s poor sleep outcome. The pooled results of the current study suggested that pre- 

and postnatal maternal depressive symptoms were not predictive of child frequent night 

waking and delayed sleep latency. Several reasons may potentially explain this result. First, 

the included studies in this comparison all used subjective sleep measures, which may 

include recall bias that does not reflect the true night waking, duration of bedtime, and the 

time it took to fall asleep. Recently, Halal and colleagues (2021) employed both subjective 

sleep measure and actigraphy to detect child night waking. They found that children of 

perinatal depressed mothers had 0.44 more times of mother-reported night waking, however, 

no significant association was found between actigraph-captured night waking and postnatal 

maternal depressive symptoms 86. Another possible reason is the threshold for frequent night 

waking was different among different studies. One study defined waking up more than three 

times per night as frequent night waking 87, while the other two studies qualified two or 

more times per night as frequent night waking 14,37.

Regarding maternal anxiety, our pooled results found a non-significant relationship between 

prenatal maternal anxiety and child sleep problems. The following reasons can help explain 

this finding. First, only three studies were included in our statistical synthesis, and all 
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of them explored both maternal anxiety and depression. The small number of included 

studies may not have enough power to differentiate and detect the effect size of maternal 

anxiety apart from depression. Second, maternal anxiety during and after pregnancy are 

more common than expected but are often underestimated. The latest meta-analysis using 

multivariate Bayesian approach estimated the prevalence of women having at least one or 

more anxiety disorders during the prenatal and postpartum period is 20.7% (95% CI: 16.7 

– 25.4%) 88. The subclinical anxiety symptoms were less likely to be reported and treated. 

Since prenatal maternal anxiety is associated with alteration in children’s certain brain 

structure and function in frontal, temporal, and limbic areas 89 and thus potentially influence 

sleep architecture, our finding should be considered with caution and future research in this 

area is warranted.

Two of the included studies found that positive emotions (i.e., happiness and satisfaction 

with life) during pregnancy were protective factors of child sleep problems 30,32. A possible 

mechanism for this association is that positive emotions during pregnancy may improve 

maternal resilience to later parenting and settling their children 30. Another potential 

reason is that mothers would have experienced more positive emotions during pregnancy 

and would have had lower levels of stress hormones and thus would have had decreased 

sympathoadrenal activation.

Strengths and Limitations

This systematic review has several limitations. Despite using six databases and several 

sleep research society websites, our literature search may not be exhaustive. Due to the 

small number of included studies in each meta-analytic comparison, subgroup analysis and 

publication bias were not feasible to investigate whether the relationship between identified 

risk and protective factors would be moderated by potential covariates/confounders such 

as age and sleep measure tools. Moreover, a few of the included studies did not specify 

which covariates were controlled. A significant number of the included studies reported 

heterogeneous formats of data, preventing the data from being statistically synthesized. 

Thus, the conclusions drawn from narrative summaries need additional studies to confirm 

their validity. Another limitation is that only papers written in English were included, so the 

current study is subjective to language bias. Lastly, due to the scope of the review we did 

not include upstream social and environmental determinants of sleep health in our analysis. 

Despite these limitations, this study’s strengths lie in the comprehensive literature search, 

investigation of a wide array of risk factors, and inclusion of only moderate to high quality 

longitudinal studies.

CONCLUSION

Child sleep health remains a public health concern given its negative consequences for 

child development and family wellbeing. A better understanding of potential early-stage risk 

factors could inform more proactive prevention and mitigating efforts. This study identified 

preterm birth and small body size at birth, perinatal substance use, and maternal pre- and 

postnatal negative emotions as risk factors for negative child sleep outcomes. Public health 

policies that advocate prenatal care and maternal mental health during the perinatal period 
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not only benefit pregnant women and their offspring’s physical well-being but also these 

children’s sleep health. Future research is warranted to confirm the impact of less studied 

risk factors and mechanisms of bidirectional and mediating relationships among multiple 

risk factors.
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Figure 1. 
PRISMA flow diagram
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Figure 2. 
Effects of the association between prenatal alcohol drinking and child short sleep duration 

(yes/no). A random effects model was used to calculate the pooled estimate of the odds 

ratio (OR) and its 95% confidence interval (CI). The area of each symbol is proportional 

to the weight of the study. The diamond represents the pooled effect (OR 5 1.85, 95% CI: 

1.04–3.28, p 5 0.0352, I2 5 21.6%).
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Figure 3. 
Effects of the association between prenatal maternal tobacco smoking and child short sleep 

duration (yes/no). A random effects model was used to calculate the pooled estimate of 

the odds ratio (OR) and its 95% confidence interval (CI). The area of each symbol is 

proportional to the weight of the study. The diamond represents the pooled effect (OR 5 

1.28, 95% CI: 1.01–1.62, p 5 0.0437, I2 5 0).
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Figure 4. 
Effect size of the association between prenatal and postnatal maternal depression symptoms 

and child sleep problems (yes/no). A random effects model was used to calculate the pooled 

estimate of the odds ratio (OR) and its 95% confidence interval. The area of each symbol is 

proportional to the weight of the study.
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Table 1.

PICOS criteria for inclusion of studies

Parameter 
domain Inclusion criteria

Population Pregnant women regardless of health status or diseases, and their children of this pregnancy

Exposures Maternal risk factors within the pre-, peri-, and postnatal period:
● Physiological factors: pregnancy and obstetric factors, and substance use during pregnancy
● Psychological factors: 
 ● Negative psychological factors: major depressive disorder, depression symptoms, major anxiety disorder, anxiety 
symptoms, and maternal stress.
 ● Positive psychological factors: happiness and satisfaction towards life, etc.

Comparators No exposure

Outcomes Macro sleep architecture measured with objective devices or questionnaires; or micro sleep architecture quantified by 
power spectral analysis of the electroencephalogram; or parent or child self-reported child sleep outcomes including sleep 
problems, sleep disturbances, etc. No longest follow-up cut-off time point was set.

Study design Case-control or longitudinal study
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