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ABSTRACT
Objective: We conducted an umbrella review of systematic reviews (SRs) - with or without meta-analysis (MA) - of randomized controlled trials (RCTs) assessing non-pharmacological sleep interventions for children and adolescents across various clinical populations.
Method: We searched multiple electronic databases up to 24/01/24. Meta-analyzable data from RCTs in the retrieved SRs/MAs were pooled using Metaumbrella. Primary outcomes were subjective/objective child sleep parameters. Additional outcomes included child health/functioning and parental sleep/health. The quality of the MAs/SRs was assessed with AMSTAR-2, and the certainty of evidence using GRADE.
Results: We included 93 SRs/MAs covering 393 RCTs, with 25 (17%, 39% and 30%: high, moderate, and low quality) providing data for quantitative synthesis. Behavioral interventions, usually multicomponent including parent training, psychoeducation, and/or specific sleep therapy/strategies, showed beneficial effects on night waking, sleep duration, overall sleep disturbance, mood/depression, and maternal sleep quality (standardized mean difference [SMD]: 0.10 to 0.80) in participants with sleep problems without a formal sleep disorder diagnosis. For those with a formal diagnosis (mainly insomnia), benefits were found for night waking, sleep efficiency (subjective/actigraphically measured), and sleep onset latency (mean SMD: 0.49 to 0.97). Those with ADHD improved in bedtime resistance, night waking, parasomnias, sleep anxiety, ADHD symptoms, sleep disturbance, and quality of life (mean SMD: 0.18 to 0.49). For those with autism, sleep disturbance improved (mean SMD: 0.70). However, all findings were of low to very low certainty of evidence.
Conclusion: Among non-pharmacological interventions for sleep difficulties in youth, only behavioral interventions are supported by meta-analytic evidence, yet with small to moderate effect sizes and limited certainty of evidence. 
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INTRODUCTION
Sleep difficulties in children are common and can persist into adolescence.1,2 Twenty to 30% of typically developing children experience a sleep difficulty during childhood. The prevalence of sleep difficulties is even higher in children with physical or psychiatric/neurodevelopmental conditions,1,2 such as attention-deficit/hyperactivity disorder (ADHD)3,4 or autism.5,6 
Sleep difficulties are linked to poorer health, educational, or social outcomes,7 including increased risk of childhood obesity,8 cognitive dysfunction,9,10 poor school performance,11 and behavioral/emotional problems.9,12 Sleep difficulties can also exacerbate the core symptoms of mental health/neurodevelopmental conditions, such as inattention, hyperactivity, or impulsivity in ADHD.13-15 Additionally, sleep difficulties are linked to negative outcomes for the family, including poorer parental/carer sleep, quality of life, and overall functioning.16-18 Persistent sleep difficulties may be explained by diverse sleep disorders. The most common sleep disorder in childhood and adolescence is chronic insomnia, defined, in the International Classification for Sleep Disorders Third Edition,19 as difficulties with initiating sleep, maintaining sleep, and/or early morning waking, present for 3 or more nights a week, for at least 3 months.   
Although there are pharmacological treatments, such as melatonin, for sleep difficulties/disorders, non-pharmacological interventions are recommended by expert consensus as first-line approach to address some sleep difficulties/disorders in children and adolescents.20,21 Examples of these non-pharmacological interventions are behavioral interventions targeting parent/carer and child sleep behaviors - such as psychoeducation, improved sleep habits (sleep hygiene) and sleep environment- and cognitive-behavioral interventions (e.g., cognitive behavioral therapy for insomnia; CBT-I). Other available non-pharmacological interventions include light therapy (mainly for circadian rhythm sleep disorders, timing light exposure to realign sleeping patterns) and weighted blankets/mattress technologies (which can help sensory needs). 
While there are several systematic reviews (SRs) with or without meta-analysis (MA) – hereinafter referred to as “SRs/MAs” - of randomized controlled trials (RCTs) of specific interventions for sleep difficulties/disorders in specific pediatric clinical populations, e.g., 21-23 there is currently no overarching quantitative synthesis of the available body of evidence in relation to non-pharmacological sleep interventions for different clinical populations and across different interventions. This overarching evidence synthesis is crucial to inform clinical guidelines and identify areas that need further research and clinical attention.
To fill this gap, we conducted the first umbrella review (UR) to  quantitatively and narratively synthesize the evidence from available SRs/MAs that aimed to explore the efficacy and/or tolerability/acceptability of non-pharmacological interventions for sleep difficulties/disorders in children and adolescents. We addressed the following questions: 1) What non-pharmacological interventions for sleep difficulties/disorders in children and adolescents have been tested in RCTs? 2) What are the efficacy and/or tolerability (drop out due to side effects)/acceptability (drop out due to any cause) of non-pharmacological interventions for sleep difficulties/disorders across different clinical populations, based on data pooled across available RCTs? For the quantitative analysis, we used all available information from MAs and/or SRs, integrating data from all relevant RCTs in de novo MAs -when needed- and re-running, for consistency, previous MAs to report all results with the same metrics.

METHOD
The protocol for this UR was pre-registered in Open Science Framework (). The reporting of the present UR follows the recommendation of the PRIOR statement (Supplementary material 1)

Eligibility criteria 
We included SRs/MAs of RCTs assessing the efficacy and/or tolerability/acceptability of any non-pharmacological interventions for sleep difficulties/disorders, in children and adolescents, otherwise healthy or with any medical/psychiatric/neurodevelopmental conditions, up to mean age 18 years. We deemed eligible any type of sleep disorder (any definition used in primary studies), except sleep-disordered breathing, which were beyond the scope of this UR. See supplementary material 2 for a more detailed list of eligibility criteria.  

Information sources
The search strategy and syntax were devised in discussion with two information specialists. We searched Medline, Embase, APA PsycINFO, Cochrane, Web of Science, and CINAHL up to 24/01/2024, with no restrictions in terms of language or type of document. The full search strategy and syntax are reported in the supplementary material 3.   

Selection process
Two authors (SH and IB) independently screened the titles/abstracts of the search results for potentially eligible SRs/MAs (stage 1 screening) and then their full texts (stage 2). Throughout both stages, any uncertainties were discussed with a third senior author (SC). Eligible RCTs were then identified from each SR/MA. SRs/MAs with less than 20% eligible RCTs were discarded, as deemed poorly informative for this UR. All other SRs/MAs were included narratively  in this UR, and those which reported extractable data were included in our quantitative analysis.  
Data collection and extraction
We first extracted pooled results, from eligible SRs/Mas, into Excel. Data extraction was shared by 2 authors (SH and IB) who also randomly checked 25% (generated using a random number generator online) of each other’s extraction. Any uncertainties in data extraction were arbitrated by senior authors (SC, CMH and kG). For our quantitative analysis, data extracted from MAs were the pooled mean effect size value, alongside its dispersion (standard error, variance, or 95% CI), and the number of participants in each group. We then extracted the following data in relation to individual eligible RCTs, as reported in the included MAs or SRs: means, mean changes, and standard deviations of any sleep parameter in each arm from relevant RCTs. Data in relation to individual RCTs were extracted for all the time points of the studies. Additional details are reported in supplementary material 4. 

Assessment of the risk of bias of SRs/MAs 
The quality of SRs/MAs included in our quantitative synthesis was assessed by two independent assessors (XX and XX) using the Assessment of Multiple Systematic Reviews (AMSTAR-2).24 This checklist includes 16 items and assesses the methodological quality of the meta-analyses themselves. Rather than an overall score, it is recommended to provide a judgment of the risk of bias of the SRs/MAs.24 Ratings can be high (based on “no or one critical weakness”), moderate (based on “more than one critical weakness”), low (based on “one critical flaw with or without non-critical weaknesses”), or critically low (based on “more than one critical flaw with or without non-critical weakness”). 
Risk of bias of RCT included in the quantitative synthesis 
We extracted the risk of bias of each RCT included in the SRs/MAs retained in the quantitative synthesis, as reported by the authors of the SRs/MAs. Items included in the risk of bias assessment were: allocation concealment; blinding of personnel/participants; blinding outcome assessor; incomplete outcome data; and selective reporting. 

Analysis/synthesis method
Quantitative synthesis 
The meta-umbrella R package was used for the statistical analysis.25 Given that computation mistakes are not uncommon in MAs,26 all eligible MAs were replicated using a random- effects model with a restricted maximum likelihood estimator (REML) estimator for . The confidence interval for the pooled effect size was based on the standard normal quantile method.27 When several meta-analyses on the same PICO (Participants, Intervention, Comparator, Outcome) were identified, as per protocol, the one containing the largest number of RCTs was retained for the analysis. Data from any RCT missed by the largest meta-analysis, but identified in another SR or MA, were added to the analysis. Heterogeneity was assessed using various indicators (I², Q-statistics and ), and 95% prediction intervals were computed to identify the interval where the effect sizes of future studies are likely to fall. Publication bias was assessed using the Egger’s test. 
All results of our meta-analyses (quantitative synthesis) were expressed in equivalent SMD to facilitate interpretation. A negative SMD systematically expresses a benefit (i.e., increased skills or decreased symptoms) of the intervention. 
Narrative synthesis 
SRs/MAs without data amenable to quantitative synthesis (meta-analysis) were described in a narrative way.  
[bookmark: _Hlk167119507]Certainty of the evidence
The evidence provided by our quantitative synthesis was assessed with an algorithmic adaptation of a standard framework for classifying certainty of evidence (Grading of Recommendations, Assessment, Development and Evaluations).28,29 This algorithmic scoring is a direct adaptation of an already validated approach proposed in several umbrella reviews, e.g..30 Based on five criteria (risk of bias, inconsistency, indirectness, imprecision, publication bias), evidence was rated as very low, low, moderate, or high. As retained SRs/MAs included only RCTs, they all started with a high evidence rating, and could then be downgraded if methodological issues were identified depending on: i) the percentage of RCTs at low risk of bias (no downgrade if >75%, one downgrade if >50%, two downgrade if ≤ 50%); ii) the inconsistency (no downgrade if  the percentage of individual studies with an effect size in the same direction as the pooled effect size is >= 90%, one downgrade if I² > 30% and the percentage of studies with opposite sign is > 10%, two downgrade if I² > 50% and the percentage of studies with opposite sign is > 10%. ; iii) the indirectness (one downgrade if the intervention is compared to two different types of controls – i.e., active and passive (e.g., waiting-list) treatments); iv) the imprecision (two downgrade if the 95% CI of the pooled effect size includes both null and large effects(|SMD| = [0, 0.8]) and if the meta-analysis did not meet the optimal information size (i.e., the sample size required to detect small effects [SMD = 0.20] with 80% statistical power); also two downgrade if the meta-analysis does not have the sample size required to detect moderate effects [SMD = 0.50] with 80% statistical power; one downgrade if the pooled effect size contains null and large effects, or if the meta-analysis does not have the sample size required to detect small effects), the publication bias (one downgrade if the Egger’s test p-value was inferior to 0.10 or if the number of studies is too low to estimate it; n<3).
Deviation or additions to the protocol, with reasons, are reported in the supplementary material 5.

RESULTS
Results of the searches
From 13,827 retrieved references, 93 SRs/MAs, encompassing a total of 393 RCTs, were included in our UR (Figure 1). References of the retained SRs/MAs are reported in supplementary material 6. SRs/MAs excluded after checking the full text, with reasons for exclusion, are reported in supplementary material 7. Clinical populations included in the retained SRs/MAs were as follows (listed in descending order of number of SRs/MAs): sleep problem/disorders in neurotypical children/adolescents (39 SRs/MAs, 58 RCTs), autism (15 SRs/MAs, 14 RCTs), ADHD (13 SRs/MAs, 11 RCTs), preterm-born babies (8 SRs/MAs, 46 RCTs), nocturnal enuresis (6 SRs/MAs, 97 RCTs), cerebral palsy (4 SRs/MAs, 3 RCTs), colic (5 SRs/MAs, 7 RCTs), obesity (3 SRs/MAs, 7 RCTs), Down syndrome (3 SRs/MAs, 1 RCT), cancer (3 SRs/MAs, 4 RCTs), nighttime fears/phobias (2 SRs/MAs, 15 RCTs), migraine/headache (2 SRs/MAs, 3 RCTs), burns (2 SRs/MAs, 1 RCT) pain (1 SR/MA, 2 RCTs), diabetes (1 SR/MA, 1 RCT), asthma (1 SR/MA, 2 RCTs),  depression (1 SR/MA, 2 RCTs), and mixed/general/healthy/unspecified populations (64 SRs/MAs, 119 RCTs).
Quantitative synthesis (meta-analysis) 
Characteristics of the SRs/MAs retained in the quantitative synthesis in the umbrella review
[bookmark: _Hlk167119935]Table 1 reports the characteristics of the twenty-five SRs/MAs providing data from RCTs that we could include in the quantitative analysis.
[bookmark: _Hlk169881745]The SRs/MAs providing data included in the quantitative synthesis focused on three clinical populations: sleep problem/disorders in typically developing children/adolescents (17 SRs/MAs and 28 RCTs), ADHD (8 SRs/MAs and 7 RCTs) and autism (5 SRs/MAs and 6 RCTs). ‘Behavioral intervention', broadly including several types of behavioral intervention, was the main type of intervention retrieved for this UR. Usually, these were multicomponent behavioral interventions consisting of mainly parent training with psychoeducation (about sleep strategies, sleep habits/environment or normal sleep) but also specific sleep therapy/strategies [for example graduated extinction], and/or cognitively based behavioral therapy. Specific behaviour change techniques within these interventions, or encouraged within these interventions, included goal setting, action planning, individual management plans and/or reward systems. Most psychoeducation was parent/carer directed, but some were directed at children/adolescents, usually in school-based interventions. Other non-pharmacological intervention types not included in the broad category ‘behavioral intervention’ were ‘weighted blanket’, ‘light therapy’ and ‘mattress technology’. Data related to these interventions could not be used for our quantitative synthesis because the number of included RCTs was < 2.  

Methodological quality of the SR/MAs retained in the quantitative synthesis
The AMSTAR-2 assessment revealed that 17% of the SRs/MAs providing data included in the quantitative synthesis were of high methodological quality, 39% were of moderate quality, and 30% were of low quality. The most frequent biases were not providing a list of excluded studies with the reasons for exclusion, not reporting the source of funding for included studies, and not exploring the presence of small study effects. 

Risk of bias of RCTs
Overall, the risk of bias of RCTs identified in the various meta-analyses was high. The mean proportion of RCTs at high risk of bias regarding the sequence generation, allocation concealment and blinding of outcome assessors was 57%, 43%, and 29% respectively. See supplementary material 9. 

Quantitative synthesis 
[bookmark: _Hlk169968212]All the SRs/MAs included in our quantitative synthesis focused on one broad intervention type only, namely behavioral intervention. A total of 13 comparisons focused on clinical populations with ADHD, 5 on clinical populations with autism, and 21 on an otherwise healthy population with sleep disorders or sleep problems.
The most studied outcomes were sleep duration (n=8), night waking (n=7), sleep onset latency (n=6), sleep disturbance (n=3), and sleep efficiency (the ratio of time sleeping versus time in bed, n=3). The median number of RCTs per meta-analysis was 3 (IQR = [2, 4]), the median number of participants per meta-analysis was 283 (IQR = [252.5, 603.5]). About half of the meta-analyses (44%) showed that participants in the experimental groups had significantly better outcomes compared to those in the control groups (i.e., a p-value of the pooled effect size < 0.05). 
In relation to subjective sleep parameters, as shown in Figure 2, we found meta-analytic evidence of beneficial effects of behavioral interventions in children/adolescents with sleep problems (without a formal diagnosis of sleep disorder) for  night wakings (SMD: -0.33, 95% CI: -0.50 to -0.16, GRADE: low), sleep duration (SMD: -0.10, 95% CI: -0.19 to -0.02, GRADE: low), , overall sleep disturbance (SMD: -0.37, 95% CI: -0.56 to -0.18, GRADE: low), mood and depression (SMD: -0.80, 95% CI: -1.43 to -0.17, GRADE: low), and maternal sleep quality (SMD: -0.57, 95% CI: -0.81 to -0.34, GRADE: low);  in children/adolescents with a formal diagnosis of sleep disorder (mainly insomnia) for night waking (SMD: -0.97, 95% CI: -1.60 to –0.35, GRADE: very low), sleep efficiency (SMD: -0.49, 95% CI:  -0.91 to -0.08, GRADE: very low), and sleep onset latency (SMD: -0.57, 95% CI: -1.07 to -0.07, GRADE: very low); in children/adolescents with ADHD for bedtime resistance (SMD: -0.27, 95% CI: -0.50 to -0.04, GRADE: low), night waking (SMD: -0.44, 95% CI: -0.67 to -0.20, GRADE: low), parasomnias (SMD: -0.44, 95% CI: -0.68 to -0.21, GRADE: low), sleep anxiety (SMD: -0.29, 95% CI: -0.51 to -0.006, GRADE: low), ADHD symptoms (SMD: -0.18, 95% CI: -0.31 to -0.04, GRADE: low), sleep disturbance (SMD: -0.49, 95% CI: -0.64 to -0.43, GRADE: low), and quality of life (SMD: -0.37, 95% CI: -0.73 to -0.01, GRADE:  low); and on sleep disturbance in children/adolescents with autism (SMD: -0.70, 95% CI:  -1.30 to -0.09, GRADE:  very low).
Regarding objective (actigraphic) sleep parameters, we found meta-analytic evidence supporting behavioral interventions only to improve sleep efficiency (SMD: -0.63, -1.10 to -0.16, GRADE: low) in children/adolescents with sleep disorders (mainly insomnia) (Figure 3).

Narrative synthesis
Characteristics of SRs/MAs included in narrative synthesis
Of the 93 SR/MAs, 68 did not present data amenable to quantitative synthesis and their characteristics are reported in supplementary table 1. The other 25 SR/MA which were included in the quantitative synthesis often reported additional relevant data which were not extractable but considered for narrative synthesis. The non-extractable data were because 1) there were not effect sizes with a measure of dispersion such as standard deviation and/or 2) they were for other clinical or mixed populations not extractable for meta-analysis. The characteristics of these SRs/MAs including mixed/clinical populations are reported in Table 1. 
Key findings of fully relevant SR/MAs
Table 2 presents the key findings in SRs/MAs which were deemed fully relevant to this umbrella review (i.e., 100% of the included studies were in line with the umbrella review eligibility criteria, albeit could not necessarily be quantitatively summarized).
Among the 68 SRs/MAs that were excluded from the quantitative synthesis (i.e., none of them had data suitable for inclusion in our meta-analysis), ten included RCTs all of which met the inclusion criteria of the present UR and are presented narratively here. 
Evidence from these SRs/MAs narratively summarized suggested beneficial effects of the use of non-pharmacological / behavioral interventions for sleep disturbance in children with nocturnal enuresis (5 SRs/MAs), preterm-born babies (1 SR/MA), hospitalized children (1 SR/MA) and children with nighttime fears (1 SR/MA). Furthermore, evidence from SRs/MAs narratively summarized did not support positioning systems for sleep in children with cerebral palsy (1 SR/MA) or sleep training for infants (1 SR/MA). 
The remaining SRs/MAs not eligible for the quantitative synthesis included less than 100% of RCTs eligible for this UR; as such, they are not described further here, but their details are reported in supplementary Table 1.
Six of the 25 SRs/MAs which reported data for ADHD, ASD and sleep problem/disorder populations that could be used for our meta-analysis also included narrative information about other clinical populations or mixed clinical populations which were not extractable for our quantitative synthesis. These key findings generally support non-pharmacological / behavioral sleep interventions for children with sleep disturbances/disorders (4 SR/MA), children with comorbid ADHD and ASD (1 SR/MA) and children with neurological and neurodevelopmental disorders (1 SR/MA) (Table 2).

DISCUSSION
To our knowledge, this is the largest evidence synthesis available on the effects of non-pharmacological treatments on a broad range of child and parental outcomes in children and/or adolescents with sleep difficulties/disorders who are otherwise healthy or with physical/mental/neurodevelopmental conditions. We included 93 SRs/MAs, encompassing a total of 393 RCTs, and were able to meta-analytically pool data from RCTs from 25 SRs/MAs. We generated new meta-analytic estimates and increased the precision of currently available meta-analyses by including additional RCTs for each PICO (Participants, Intervention, Comparator, Outcome) that we assessed. Our UR allowed us to detect the level of meta-analytical evidence supporting non-pharmacological interventions for the management of sleep difficulties/disorders across a broad range of clinical populations of children/adolescents, and to highlight the gaps and needs in the field.
When considering meta-analyzable evidence, i.e., from at least two RCTs, we found support only for some interventions that we grouped under the broad category of “behavioral intervention”. We initially attempted a more fine-grained grouping of such interventions based on the specific components of these therapeutic programmes, but this was not feasible given the inconsistency in the terminology across RCTs and SRs/MAs. Therefore, our UR points to the important need for the field to standardize, as far as possible, the terminology use to describe non-pharmacological interventions. This will allow a more detailed analysis to understand which components of behavioral programmes are the most effective, similarly to what has been meta-analytically explored in other fields. For instance, a recent pairwise meta-analysis of RCTs found that manipulation of antecedents of behavior and reinforcement techniques are the most effective components of parent training for children with ADHD.31  
We also expect that, with the development of digital sleep interventions, such as the one currently under development within the Digital Sleep Support for Children with Attention Deficit Hyperactivity Disorder (DISCA) multicenter UK study,32 in the future there will be a body of evidence on digital interventions that will be amenable to meta-analytic assessment. 
While we found statistically significant effects for a number of outcomes (both sleep related, such as night waking and non-sleep related, such as daytime ADHD symptoms) across different clinical populations (otherwise healthy children/adolescents with sleep difficulties/disorders, ADHD, or autism), most of the findings were based on uncertain evidence. Indeed, we could not find any result characterized by a high or moderate level of evidence. The beneficial effects of behavioral/educational interventions to improve night wakings, sleep duration, sleep disturbance and mood/depression in children/adolescents with sleep problems in general (not necessarily with a diagnosis of sleep disorder) were supported by evidence of low certainty. Improvement of night wakings, parasomnias, sleep anxiety, ADHD symptoms, and sleep disturbance in general in ADHD; improvement of night wakings and sleep efficiency in children/adolescents with sleep disorders; and improvement of sleep disturbance in autism, were of low or very low certainty. Reasons for this uncertainty included issues with the quality of the RCTs (in particular, lack of blinding) and other methodological problems such as imprecision of the estimates and publication bias. These findings point to what appears to be a crucial need in the field, namely the requirement for higher quality in the conduct of trials. Sequencing and adaptive study designs providing evidence to inform the recommended order of pharmacological and non-pharmacological interventions, as well as which variables ought to influence decision making, should be a priority in the field. However, some issues, notably blinding, are difficult to address. Indeed, even if raters can be blinded to the allocation of interventions, they will rely on reporting from children/adolescents or their parents/carers, who are typically not blinded to behavioral interventions. Additionally, while for other outcomes (for example disruptive behaviors/academic performance) the effects of behavioral parent training programmes can be directly assessed by blinded raters,33,34 this is not possible for most sleep outcomes. 
Notably, the effect sizes in relation to the effects on child sleep parameters were generally small-to-moderate. This should be considered in the light of moderate-to-high effect sizes reported for melatonin in relation to sleep onset delay improvement,35 but also the more limited data on the effects of melatonin on other sleep parameters (such as night wakings or sleep duration),36 the lack of evidence for other medications, and the potential side effects of melatonin and other compounds. However, in this regard, it is striking that, while we included tolerability as a possible outcome in our UR, we could not find meta-analytical evidence related to the tolerability/acceptability of behavioral/psychoeducational interventions. It could be that differences in tolerability between behavioral and other interventions may be influenced by different access and selection biases. Nevertheless, it has been recently highlighted 37 that the principle of non-maleficence should lead to a systematic evaluation to ensure that existing or new psychological interventions do not cause harm before being deemed beneficial. In this context, ensuring the safety of psychological interventions, including the potential occurrence of adverse events, is increasingly important for patients, families, and clinicians. Of note, a recent systematic review of pediatric psychosocial interventions found that, out of 117 included RCTs, only 31% assessed adverse events.38 To better understand the tolerability/acceptability, consort diagrams in the future, especially of registered RCTs, should specify withdrawals and the reasons where possible.
We note that, while the effects of behavioral/psychoeducational interventions were statistically significant on a series of subjective sleep parameters, they were less likely to be efficacious on objectively reported measures of sleep, mainly via actigraphy. The issue of the discrepancy between subjective and objective measure of sleep has been debated at length. It is our view that, rather than considering objective measures superior in quality to subjective ones, both types of measures are informative. In fact, subjective measures reflect the lived experience of patients or their carers and are more ecologically valid. On the other hand, objective measures, despite being less prone to placebo effects, suffer from poor ecological validity and other specific issues, such as the first-night effect (i.e., the phenomenon whereby an individual's sleep patterns on the first night of monitoring in a sleep laboratory are different from their usual sleep patterns in their home environment) and reduced compliance in children with neurodevelopmental disorders that may bias results.
While the bulk of the meta-analyzable evidence was on behavioral/psychoeducation interventions, we found limited RCTs on other types of non-pharmacological treatments. We look forward to more RCTs on light therapy, and potentially other strategies such as neurostimulation (tDCS and rTMS) that are still underexplored in the field of pediatric sleep medicine.39
The majority of the evidence we included in the quantitative synthesis was focused on children/adolescents with sleep difficulties/disorders who were otherwise healthy, but children with neurodevelopmental conditions such as ADHD and autism were also a strong focus, reflecting the importance and prevalence of sleep alterations in these clinical populations.3,4,41-44  However, it is striking that there was a dearth of evidence in relation to other clinical populations, e.g., children/adolescents with depression, anxiety, or PTSD, for whom sleep problems represent a crucial clinical issue, as well as for those with physical conditions. Moreover, our narrative synthesis is suggestive of evidence supporting non-pharmacological interventions for clinical populations such as children with nocturnal enuresis, pre-term born babies, hospitalized children, and children with mixed neurological and neurodevelopmental disorders. 
Our UR has several strengths. In particular, we used a broad search strategy with no limitations on language or type of document. Additionally, we went beyond reporting the meta-analytic estimate and re-ran meta-analyses using data from all available relevant RCTs that we retrieved. Furthermore, we used a state-of-the-art UR software (Metaumbrella)25 to ensure the highest standards from the analytical standpoint.
However, our findings should also be considered in the light of some limitations, some of which are related to issues in the SRs/MAs included in our UR, and others to limitations of the umbrella review itself. In relation to the former, it should be noted that many SRs/MAs we retained in our UR pooled RCTs where participants had either a sleep problem or a sleep disorder, and further pooled data across different types of sleep disorders. A priority for the field should be to adopt a more rigorous approach based on a more precise and homogeneous phenotyping of participants included in RCTs. On a related note, available SRs/MAs tended to pool RCTs regardless of the type of control (such as waiting list, treatment as usual), which could not be disentangled in our UR. Another limitation lies in the duration of available RCTs, the bulk of which focused on the short (few weeks) or medium term, so that evidence is not informative on the longer-term effects. Regarding limitations of our UR, although we endeavoured to include all available SRs/MAs, we cannot rule out the possibility of missing information. We did not search for unpublished SRs/MAs, which is challenging as, unlike individual RCTs, there are no specific databases covering grey literature related to SRs/MAs. Finally, we did not retrieve data from the full text of the RCTs but rather relied on the data reported in the SRs/MAs. However, extracting data directly for the primary studies included in SRs/MAs retained in a UR is seldom done, as the purpose of URs is to rely on data at the SR/MA level to avoid unfeasible procedures given the number of RCTs included in URs. Despite these limitations, our UR provides a rigorous overview of the current literature on non-pharmacological interventions for sleep problems/disorders in children/adolescents across various clinical conditions. Overall, our work emphasizes that currently, among non-pharmacological interventions, only behavioral/educational interventions for otherwise healthy children/adolescents with sleep problems are supported by meta-analytic evidence. However, this evidence is of low/very low certainty, and the effect sizes are generally small/moderate. Therefore, our UR underscores the critical need for the field to conduct more rigorous RCTs across a variety of both specified sleep disorders and clinical populations.
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Table 1. Characteristics of SR/MAs quantitatively included in the umbrella review.
	Author, year
	RCTs OR multiple designs? 
	MA? 
	N of studies included in review
	N of trials relevant to this UR
	SR/ MA  population (age)
	Intervention type 
	Outcomes
	Control
	Specific trial populations within
	What was extracted / why not extracted

	 Note: for SR/MAs extracted, there were often other relevant data which were not extracted for some or all relevant trials within, because either (1) they were not ES/dispersion data and/or (2) they were not for ADHD, ASD or sleep problem/disorder populations

	Aslund 2018 22
	RCT only
	Yes
	6
	6
	Unspecified (6-20 years)
	Cognitive and/or behavioural sleep intervention
	Objective (actigraphy) and/or subjective (sleep diary, questionnaires) sleep outcomes. 
	Unspecified
	Sleep problem/disorder
	ES and dispersion data for sleep problem/disorder

	Baron 2021 45
	Multiple
	Yes
	42
	10
	Any (≥12 years)
	Behavioural interventions to extend sleep duration. (intervention for sleep disorders were excluded)
	Quantitative, objective and subjective sleep duration
	Unspecified
	Sleep problem/disorder, healthy population, ADHD, obesity
	ES and dispersion data for sleep problem/disorder and ADHD populations

	Beresford 2018 46
	Multiple
	Yes (pharmacological only)
	39 (from 64 articles) 
	12 (from 15 articles) 
	Neurodisabilities and non-respiratory sleep disturbance (0-18 years)
	NHS relevant non pharmacological [or pharmacological] sleep interventions
	Primary: Objective (actigraphy) or subjective (sleep diaries, questionnaires) child sleep outcomes.  Parent quality of sleep. Parenting confidence, efficacy, understanding of sleep management. Secondary: Child QoL, daytime behaviour and cognition. Parent/carer QoL, wellbeing, physical wellbeing, mental wellbeing and mental health. Family functioning. 
	No intervention, waitlist, placebo or other intervention
	ADHD, ASD, mixed neurodisabilities
	ES and dispersion data for ADHD and ASD populations

	Chung 2017 47
	RCT only
	Yes
	7
	7
	Student adolescents (10-19 years)
	school based interventions (for sleep knowledge and/or cognitive and behavioural sleep strategies) 
	Total sleep duration and other sleep outcomes (e.g., sleep-wake outcomes, knowledge, daytime sleepiness), mental health, social and academic domains.
	class as usual
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problems/disorders population. 

	Fangupo 2021 48
	RCT only
	Yes
	32
	28
	healthy (sleep problems with no formal diagnosis of sleep disorder were also included) (0-5 years)
	sleep intervention or multicomponent obesity intervention which included sleep
	Objective and subjective – at least sleep duration (night time, day time, or 24 hour) and other sleep outcomes
	Unspecified. Various stated in extraction table
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problems/disorders population.

	Kempler 2016 49
	RCT only
	Yes
	9
	9
	infants general (pregnant women or women with a baby under 12 months old)
	Psychosocial sleep intervention
	Objective (actigraphy) or subjective (sleep diary) sleep - infant and mother. Maternal mood. 
	waitlist or information only
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problems/disorders population.

	Keogh 2019 50
	RCT only
	Yes
	3
	3
	ASD within insomnia (<18 years)
	Sleep-based behavioural interventions
	Various sleep outcomes unspecified (reported on total sleep time, sleep onset latency, sleep efficiency, sleep problems)
	Unspecified
	ASD, mixed ASD and ADHD
	ES/dispersion data for ASD population.

	Ma 2018 51
	Multiple
	Yes
	10
	6
	insomnia  (children and adolescents <20 years)
	CBT-I (“multimodal therapies, including sleep education, stimulus control, sleep restriction, relaxation, sleep hygiene, and cognitive techniques”)
	Objective or subjective sleep onset latency, wake after sleep onset, total sleep time, sleep efficiency. 
	Unspecified, various In results
	sleep problem/disorder
	ES/dispersion data for sleep problem/disorder population.

	Malkani 2022 23
	Multiple
	Yes
	11
	7
	ADHD with sleep problem (5-15 years)
	behavioural sleep interventions
	Sleep outcomes unspecified
	Unspecified, results list no intervention, usual care, waitlist or general sleep hygiene information
	ADHD, mixed ADHD and no ADHD
	ES/dispersion data for ADHD population.

	Meltzer 2014 21
	Multiple
	Yes
	29
	15
	Any children with insomnia (0-17.9 yrs)
	behavioural or psychoeducational intervention based on behavioural principles (based on learning principles) 
	Sleep onset latency, number of night wakings, duration of night wakings, sleep efficiency
	Unspecified, various stated in results
	sleep problem/disorder, ASD, Down Syndrome, 
	ES/dispersion data for ASD and sleep problem/disorder population.

	Mihelic 2017 52
	RCT only
	Yes
	36
	14
	Parents of healthy infants (during pregnancy or 12 months after birth)
	Parenting parental education interventions (non-specific to sleep). 
	Baby sleep, [parental responsiveness, confidence, competence. and crying behaviour]
	 Unspecified
	sleep problem/disorder, healthy, colic, 
	ES/dispersion data for sleep problem/disorder population

	Griggs 2020 53
	RCT only
	Yes
	14
	7
	Children/emerging adults without a sleep disorder (12-25 years)
	behavioural sleep interventions
	 Objective sleep measures
	 No intervention
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problem/disorder population

	Park 2022 54
	RCT only
	Yes
	10
	10
	Young children (< 36 months)
	Behavioural sleep interventions based on self-settled, self-regulation and bedtime routines
	Child night awakenings and  sleep problems reported by sleep diary. Maternal depression and sleep quality
	usual care or no intervention
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problem/disorder population.


	Phillips 2020 55
	RCT only
	Yes
	9
	9
	Neurological and neurodevelopmental disorders (5-18 years)
	behavioural sleep interventions (one or more of sleep hygiene , stimulus control, sleep restriction, bedtime fading, extinction, scheduled awakenings, cognitive restructuring) 
	Objective or subjective sleep outcomes e.g., total sleep time, sleep onset latency, wake after sleep onset, sleep efficiency, sleep problems.  Subjective or objective functional outcomes (cognition, emotions, academic skills, behaviour)
	Active/placebo or no treatment (waitlist or standard care) 
	ASD, ADHD, mixed ADHD and no ADHD, learning disabilities, developmental disabilities
	ES/dispersion data for ASD and ADHD populations. 



	Reuter 2020 56 
	Multiple
	No
	12
	12
	Children (<2 years)
	Preventative or treatment behavioural sleep interventions (author states also education and massage)
	Infant and parental outcomes unspecified. Results include various sleep outcomes (objective or subjective)
	 Unspecified. Results include no intervention, other intervention (e.g. standard information or information on safety ) or usual care
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problem/disorder population.


	Scantlebury 2018 57
	Multiple
	No 
	25
	15
	Neurodisabilities and non-respiratory sleep disturbance (0-18 years)
	Various non-pharmacological sleep interventions meeting current practice standards in the UK
	Primary: Objective and subjective child/parent sleep parameters relating to sleep onset, maintenance, quality and scheduling). 
Secondary: quality of life, behaviour, cognition, wellbeing, family functioning. 
	no comparator, Waitlist control, placebo, or other active intervention
	ADHD, ASD, mixed ADHD and ASD, learning disabilities, developmental disabilities 
	ES/dispersion data for ADHD and ASD specific populations. 


	Tsai 2022 58
	RCT only
	Yes
	4
	1
	young people and adults with sleep concerns (10-19 years, or college or university students)
	Digital CBT-I (includes cognitive therapy, sleep hygiene, psychotherapy, sleep hygiene, sleep restriction, stimulus control, relaxation) 
	Objective or subjective sleep parameters (e.g., questionnaire scores, total sleep time, sleep efficiency) 
	Various – relevant trial was waitlist control
	sleep problem/disorder
	ES/dispersion data for sleep problem/disorder population. 

	Yoong 2016 59
	RCT only
	Yes
	8
	3
	children (<18 years)
	Interventions with a component targeting sleep quality/duration
	sleep, BMI, dietary intake, physical activity
	 Unspecified
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problem population.


	Williams Buckley 2020 60
	Multiple
	No 
	8
	6
	ASD (children and adolescents)
	pharmacologic and non-pharmacologic interventions for sleep (parent-based sleep education, weighted blankets, mattress technology,CBT)
	 Bedtime resistance, sleep onset latency, night awakenings, sleep efficiency, total sleep time, daytime behaviour
	Unspecified. Results report on placebo, parent education
	ASD
	ES/dispersion data for ASD population.

	Magee 2022 61
	RCT only
	Yes
	45
	45
	Healthy children, excluded diagnoses, also excluded sleep disorders. (1-18 years)
	Non-pharmacological interventions to improve sleep
	Objective or subjective sleep duration. Sleep quality, sleep hygiene
	Unspecified. Findings report delayed intervention, alternative health/safety advice, usual care
	Healthy, sleep problem/disorder, obesity, mixed
	ES/dispersion data for sleep problem populations.  


	Larsson 62
	RCT only
	Yes
	5 (8 papers)
	2 (4)
	ADHD (6-18 years)
	Any sleep intervention (pharmacological or non- pharmacological)
	Objective and subjective – total sleep time, sleep onset latency, sleep efficiency, wake after sleep onset, sleep disturbances, quality of life, ADHD symptoms 
	Any alternative sleep intervention or standard care
	ADHD
	ES/dispersion data for ADHD populations.  


	Nikles 2020 63
	Multiple
	No
	16
	4
	ADHD (5-18 years)
	sleep hygiene
	Objective or subjective sleep parameters 
	alternate intervention and no intervention
	ADHD and mixed ADHD with no ADHD. 
	ES/dispersion data for ADHD specific populations. 


	Niu 2021 64
	RCT only
	Yes
	17
	7
	Adolescents and young adults (Mean 13-30 years)
	Adjusting bedtime and sleep opportunity
	Objective and subjective sleep duration. Sleep opportunity, sleep efficiency, sleep quality, daytime sleepiness
	Within subject
	sleep problem/disorder, ADHD, asthma
	ES/dispersion data for ADHD specific and sleep problem populations. 


	Liu 2023 65
	RCT only
	Yes
	14 (13 papers)
	13 (12 papers) 
	women who were pregnant or had a baby aged < 12 months
	Psychosocial infant sleep interventions
	infant total sleep time, night wakings, maternal sleep, depression, and fatigue
	Unspecified in methods. Findings report usual care or other intervention e.g. in person intervention, or information on safety/breastfeeding
	sleep problem/disorder, healthy
	ES/dispersion data for sleep problem/disorder populations.  


	Mombelli 2023 66
	RCT only
	Yes
	30 (15 in MA)
	25
	Sleep problem/disorder (0-18 years)
	Psychological interventions, bright light therapy, melatonin
	Objective or subjective sleep parameters. Primary: sleep onset latency, wake after sleep onset, total sleep time, 
	Any (e.g., waitlist, placebo) 
	sleep problem/disorder, mixed ADHD with no ADHD, 
	ES/dispersion data for sleep problem/disorder populations.  




Table 2. Narrative key findings of fully relevant SRs/MAsa  - data not amenable to quantitative synthesis.
	SR/ MA 
	Key findings

	SRs/MAs which had no extractable data

	Kannan et al 2022 67
	Evidence supports acupuncture (specifically moxibustion, acupoint injection and laser acupuncture) for improving nocturnal enuresis in children. 

	Liao et al 2018 68
	For sleep promotion in preterm babies, low quality evidence supports 1) mattress interventions for improving total sleep time and active sleep efficiency, and 2) cycled light for improving total sleep time. There were no significant effects of 1) Newborn Individualized Developmental Care and Assessment Program (NIDCAP) on total sleep time, 2) mattress interventions for quiet sleep efficiency and 3) cobedding for quiet sleep and active sleep. 

	Lv et al 2015 69
	Low quality evidence supports acupuncture for improving nocturnal enuresis in children.

	Purnomo et al 2021 70
	Evidence suggested that alarm therapy had higher efficacy than desmopressin, for motivated parents and patients with monosymptomatic nocturnal enuresis.

	Blake et al 2015 71
	Low quality evidence did not show a significant improvement from sleep positioning systems for sleep patterns or sleep quality in children with cerebral palsy.  

	Kudchadkar et al 2022 72
	For sleep in hospitalised children, evidence suggested 1) mixed efficacy of behavioral interventions for objective sleep parameters, 2) improvement from behavioral interventions for subjective sleep parameters, 3) mixed results of physical activity interventions for sleep. However, the authors did not draw conclusions due to low and very low quality evidence. 

	Caldwell et al 2013 73
	Evidence supports behavioral interventions (such as bladder training, rewards) over no active treatment, but not over alarm therapy and drug therapies, for children with nocturnal enuresis.  

	Cassels et al 2022 74
	Evidence does not support sleep training for improving infant sleep.

	Glazener et al 2005 75
	Low quality evidence supports alarm therapy for nocturnal enuresis in children.

	Ducasse et al 2015 76
	Evidence supports cognitive behavioral strategies for children with night-time fears.

	SR/MA which had extractable data (for sleep problem disorder/ADHD/ASD populations) but also included information about other clinical populations or mixed clinical populations which were not amenable to quantitative synthesis.

	Kempler et al (2016) 49
	For healthy infants and infants with sleep problems/disorders, evidence supports psychosocial sleep interventions for improving parentally reported infant total sleep time and maternal mood, but not number of infant night wakings. 

	Keogh (2019) 50
	Evidence supports non-pharmacological sleep interventions for improving sleep in children with ASD and children with mixed ASD and ADHD. 

	Park et al (2022) 54
	Evidence supports behavioral sleep interventions for improving child sleep problems and maternal sleep quality, in healthy infants and infants/children with sleep problems/disorders.

	Phillips et al (2020) 55
	Moderate evidence supports behavioral sleep interventions for improving short term sleep problems, functioning and behaviour in children with neurological and neurodevelopmental disorders. 

	Reuter et al (2020 56
	Evidence somewhat supports behavioral sleep interventions for healthy children and children with sleep problems/disorders. 

	Magee et al (2022) 61
	Evidence supports non-pharmacological interventions (particularly earlier bedtime) for improving sleep duration in healthy children and children/adolescents with sleep problems or disorders, or children and adolescents with mixed disorders. 


Note:  a “Fully relevant SRs/MAs” refers to SR/MA whereby 100% of their  included studies were also relevant to our umbrella review
Figure 1. PRISMA flowchart showing the selection process
FOOTNOTE: SR: systematic review; MA: meta-analysis

Figure 2. Quantitative meta-analytic synthesis of the efficacy of behavioral/psychoeducation sleep interventions pooled together on subjective sleep outcomes across clinical populations

Figure 3. Quantitative meta-analytic synthesis of the efficacy of behavioral/psychoeducation sleep interventions pooled together on objective sleep outcomes across clinical populations

