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ABSTRACT

Sleep alterations associated with adulthood ADHD are poorly understood. Here, we 

conducted the first meta-analysis of sleep studies in adults with ADHD. Based on a pre-

registered protocol (PROSPERO-CRD42017065407), we searched Pubmed, Ovid and 

Web of Knowledge databases through August 3rd, 2017, with no language or 

publication type restrictions, and contacted study authors for unpublished 

data/information. From a pool of 8,812 references, we retained 13 studies. Random-

effects models were performed and study quality was rated using the Newcastle-Ottawa 

Scale. Compared to adults without ADHD, those with ADHD significantly differed in 

seven out of nine subjective parameters (Standardized Mean Difference, SMD, ranging 

from 0.56 to 1.55) and two out of five actigraphic parameters [SMD (95% CI): sleep 

onset latency: 0.80 (0.46-1.14); sleep efficiency: -0.68 (-1.03, -0.34)]. No significant 

differences were detected for polysomnographic parameters. We conclude that, whereas 

subjectively reported sleep problems are significantly associated with ADHD in adults 

and should be systematically screened during the clinical interview, additional research 

is needed to understand if they are underpinned by objective sleep alterations.  
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1. INTRODUCTION

With a worldwide estimated prevalence of about 5% (Polanczyk, Willcutt, 

Salum, Kieling, & Rohde, 2014), Attention-Deficit/Hyperactivity Disorder (ADHD) is 

the most commonly diagnosed neurodevelopmental disorder in childhood. Impairing 

symptoms of ADHD persist into adulthood in about 65% of cases (Faraone, Biederman, 

& Mick, 2006), with a pooled prevalence of adulthood ADHD around 2.5% (Simon, 

Czobor, Balint, Meszaros, & Bitter, 2009). 

It is well established that ADHD is frequently comorbid with other psychiatric 

disorders, including oppositional defiant disorder, conduct disorder, mood and anxiety 

disorders, and substance use disorders (Faraone et al., 2015). Among other conditions 

possibly associated with ADHD, in the past decade there has been a mounting interest 

for the relationship between ADHD and sleep disturbance (Cortese et al., 2013). Meta-

analytic evidence (Cortese, Faraone, Konofal, & Lecendreux, 2009; Diaz-Roman, Hita-

Yanez, & Buela-Casal, 2016; Sadeh, Pergamin, & Bar-Haim, 2006) based on this 

increasing body of research shows that, compared to non ADHD controls, children with 

ADHD present with significantly more subjectively reported sleep problems and, to 

some extent, also objective sleep alterations, as measured by actigraphy or 

polysomnography (PSG). Of note, one meta-analysis (Cortese et al., 2009) found that 

such alterations were not accounted for by comorbid psychiatric conditions or by the 

pharmacological treatment of ADHD.

By contrast, evidence on sleep alterations in adults with ADHD is mixed and has 

not been meta-analyzed yet. While some studies reported an association between 

ADHD and sleep onset latency, poor sleep efficiency, high nocturnal motor activity, and 

restless legs syndrome in adults (e.g., Bogdan & Reeves, 2016; Fargason, Hollar, White, 

& Gamble, 2013; Philipsen et al., 2005), others failed to find significant difference in 
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important objective sleep parameters such as sleep latency, number of sleep 

awakenings, and total time in bed (Kooij, Middelkoop, van Gils, & Buitelaar, 2001). 

The inconsistency among studies may be accounted for by possible confounding 

factors, such as, among others, different methods to diagnose ADHD and lack of a 

comparison group in some studies (e.g., Fisher et al., 2014; Langberg, Dvorsky, Becker, 

& Molitor, 2016). 

Given these mixed findings, a meta-analysis that takes into account possible 

confounding factors is timely to elucidate if and to which extent ADHD is significantly 

associated with subjectively reported and/or objectively measured sleep alterations, 

possibly replicating findings from children. Indeed, given developmental changes in 

sleep patterns and ADHD symptoms, it should not be assumed that sleep findings in 

children are necessarily identical to those in adults with ADHD. 

The focus on sleep in individuals with ADHD is of relevance for the 

management of ADHD. Such problems can be a significant source of distress for the 

patients and their families (e.g., Hvolby, Jorgensen, & Bilenberg, 2008; Owens et al., 

2008; Owens, Maxim, Nobile, McGuinn, & Msall, 2000). They may also worsen or 

mimic symptoms of ADHD (Dahl, 1996). Therefore, the appropriate assessment and 

treatment of sleep problems might improve the quality of life of individuals referred for 

ADHD assessment and reduce the severity as well as the impairment of ADHD. 

However, in order to appropriately manage sleep complaints in patients with ADHD, it 

is necessary to better characterize their profile and understand the specific sleep 

alterations underlying these complaints.

Here, we conducted the first systematic review with meta-analysis of studies 

reporting subjective or objective sleep parameters in adults with a diagnosis of ADHD 
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according to standardized criteria for the diagnosis of ADHD. Give the exploratory 

nature of this meta-analysis, no a priori hypotheses were formulated. 

2. METHOD

We followed the recommendations of the Meta-Analysis of Observational 

Studies in Epidemiology group (Stroup et al., 2000) and the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) statement (Liberati et al., 2009). 

The protocol of this systematic review was registered in PROSPERO (CDR 

42017065407). Data were extracted from the published reports (journal article) of the 

studies, or obtained by study authors. The PRISMA checklist is reported in the 

Supplemental Material 1.

2.1 Types of studies

Case-control studies comparing subjective and/or objective sleep parameters in 

adults with and without ADHD were included.

2.2 Types of participants

2.2.1 Inclusion criteria 

Studies on adults ( 18 years) with a diagnosis of ADHD established according 

to the International Classification of Diseases (ICD) (any version) or the Diagnostic 

and Statistical Manual of Mental Disorders (DSM) (any version) were eligible. Studies 

had also to include a comparison group of adults without ADHD. 

2.2.2 Exclusion criteria

We excluded studies where participants presented with ADHD symptoms above 
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a specific cut-off in ADHD scales, without meeting formal criteria for ADHD as per 

DSM or ICD criteria.

2.3. Outcomes 

Any subjective sleep parameter from any sleep questionnaire (e.g., sleep onset 

latency, psychosomatic symptoms during sleep onset, sleep duration, night awakenings, 

sleep quality, sleep efficiency, restorative value of sleep, daytime sleepiness, general 

sleep problems) and/or any objective sleep parameter (e.g., actigraphy: sleep onset 

latency, true sleep, assumed sleep time, actual wake time, sleep efficiency; PSG: sleep 

onset latency, stage 1 sleep %, stage 2 sleep %, slow wave sleep %, REM %, REM 

latency, total sleep time, sleep efficiency, wake time %) were eligible. We included any 

parameter present in at least two studies. 

2.4 Search strategy/syntax

The following electronic databases were searched until August 3rd, 2017, with no 

language/date/type of document restrictions: Pubmed (Medline), Ovid databases 

(PsycInfo, Embase+Embase classic, Ovid Medline), and Web of Knowledge databases 

(Web of science (Science Citation Index Expanded), Biological abstracts, Biosis, Food 

science and technology abstracts). Additional details on the search strategy/syntax, 

including search terms for each database, are reported in the Supplemental Material 2. 

References of included studies were scanned to find any potential pertinent study 

detected with the electronic search. 

2.5 Study selection

Retrieved references were independently screened and blindly double-coded for 
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eligibility by two study authors. Any disagreement was resolved by a senior author. If 

needed, study authors were contacted to gather missing/additional information.

2.6 Study quality/bias assessment

Study quality was assessed using the Newcastle-Ottawa Scale for case control 

studies (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp) focusing on 

the following items: case definition, representativeness of the cases, selection of 

controls, definition of controls, comparability of cases and controls on the basis of the 

design or analysis, ascertainment of exposure, non-response rate.

2.7 Data extraction and statistical analysis

Data extraction was performed blindly by two of the authors, and any 

discrepancy between the two was resolved by consensus with a third senior author. We 

contacted study authors when necessary. Data extracted from each study included: first 

author, publication year, country where the study was conducted, participants details 

(number, age, sex, medication use, ADHD subtypes, and comorbidities), sleep measures 

(mean, SD), and study key findings. 

Random-effects models were used to compute effect size for each sleep variable. 

We calculated the standardized mean difference (SMD), with 95% confidence interval 

(CI), with the correction of Hedges (Hedges, 1981) to avoid bias due to sample size. 

The pooled SMD, and related 95% CI, was calculated through the inverse variance 

method, and its statistical significance was assessed by the Z statistic. I2 (Higgins & 

Thompson, 2002) was calculated to quantify heterogeneity among studies. Finally, 

Egger’s test (Egger, Davey, Schneider, & Minder, 1997) and funnel plots were used to 

evaluate publication bias. Analyses were performed using Review Manager 5.3 
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(http://community.cochrane.org/tools/review-production-tools/revman-5) and 

Comprehensive Meta-Analysis (https://www.meta-analysis.com/) software.

3. RESULTS

3.1 Studies included in the meta-analysis

From a pool of 8,812 non-duplicate potentially relevant references, 13 studies 

(Arns, Feddema, & Kenemans, 2014; Baird, Coogan, Siddiqui, Donev, & Thome, 2012; 

Bioulac et al., 2016; Boonstra et al., 2007; Brevik et al., 2017; Frye et al., 2017; Kooij, 

Middelkoop, van, & Buitelaar, 2001; Philipsen et al., 2005; Sobanski, Schredl, Kettler, 

& Alm, 2008; Sobanski et al., 2016; Tonetti, Conca, Giupponi, & Natale, 2017; Van 

Veen, Kooij, Boonstra, Gordijn, & Van Someren, 2010; Weibel et al., 2017) were 

retained for the meta-analysis. A detailed description of selection process is shown in 

the PRISMA flow diagram (Figure 1). Reasons for the exclusion of studies assessed in 

full-text length are listed in Supplemental Material 3. Results of study quality/bias 

assessment are shown in Supplemental Material 4.

Table 1 reports the main characteristics of the included studies, which were all 

cross-sectional. Five studies (Bioulac et al., 2016; Boonstra et al., 2007; Philipsen et al., 

2005; Sobanski et al., 2008; Sobanski et al., 2016) included both subjective and 

objective sleep measures, four reported only subjective measures (Arns et al., 2014; 

Brevik et al., 2017; Kooij et al., 2001; Weibel et al., 2017), in three studies (Baird et al., 

2012; Tonetti et al., 2017; Van Veen et al., 2010) actigraphy was the only method 

employed for assessment, whereas one study (Frye et al., 2017) was based only on PSG. 

As for medication status, one study (Boonstra et al., 2007) recruited ADHD 

medications naïve participants. Participants stopped medications before starting the 

assessment in five studies (Bioulac et al., 2016; Kooij et al., 2001; Philipsen et al., 2005; 
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Sobanski et al., 2008; Van Veen et al., 2010), in other five studies participants were 

receiving pharmacological treatments during the assessment (Baird et al., 2012; Brevik 

et al., 2017; Frye et al., 2017; Tonetti et al., 2017; Weibel et al., 2017), and information 

on medication status was not available from two studies (Arns et al., 2014; Sobanski et 

al., 2016). Comorbidity rates with other psychiatric disorders were not reported in three 

studies (Arns et al., 2014; Boonstra et al., 2007; Sobanski et al., 2016), whereas all other 

studies recruited adults with comorbid psychiatric conditions, with the exception of one 

(Sobanski et al., 2008), focusing on participants without comorbidity. 

The Rechtschaffen and Kales criteria (Rechtschafen & Kales, 1968) were 

applied as scoring rules in all studies in which PSG was used, except for one study 

(Bioulac et al., 2016) in which either those criteria or the criteria proposed by the 

American Academy of Sleep Medicine (Iber, Ancoli- Israel, & Chesson, 2007) were 

followed. 

3.2 Subjective sleep parameters

Compared to adults without, those with ADHD presented with significantly 

longer sleep onset latency (SMD: 0.67, 95% CI: 0.41, 0.92, p< 0.01), significantly more 

psychosomatic symptoms during sleep onset  (SMD: 0.64, 95% CI: 0.21, 1.07, p= 0.04), 

night awakenings (SMD: 0.56, 95% CI: 0.40, 0.73, p< 0.01), general sleep problems 

(SMD: 1.55, 95% CI:  0.72, 2.39, p= 0.003), significantly lower sleep quality (SMD: 

0.69, 95% CI: 0.38, 0.99, p < 0.01), sleep efficiency (SMD: -0.55, 95% CI: -0.83, -0.27, 

p= 0.01), and significantly higher daytime sleepiness (SMD: 0.75, 95% CI: 0.29, 1.21, 

p=0.01). 

However, adults with and without ADHD did not significantly differ in sleep 

duration and restorative value of sleep (Table 2, Figure 2). Heterogeneity, as indicated 
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by I2, ranging from low to high, was as follows: 0% (night awakenings, psychosomatic 

symptoms during sleep onset, and sleep efficiency), 37% (sleep quality), 54% (sleep 

onset latency), 70% (sleep duration), 83% (general sleep problems), 86% (daytime 

sleepiness), 90% (restorative value of sleep). Egger’s tests were not significant for any 

outcome (Table 2).

3.3 Objective sleep parameters

Considering actigraphic values, adults with ADHD showed a significantly 

higher sleep onset latency (SMD = 0.80, 95% CI = 0.46-1.14, p < 0.001) and a 

significantly lower sleep efficiency (SMD = -0.68, 95% CI = -1.03, -0.34, p = 0.001) 

compared to non ADHD controls (Table 3, Figure 3). Heterogeneity, as indicated by I2, 

ranging from high to low, was as follows: 28% (sleep onset latency), 33% (actual wake 

time and sleep efficiency), 74% (assumed sleep time), 78% (true sleep). Egger’s tests 

for any outcome were not significant (Table 3).

No statistically significant differences between participants with ADHD and 

controls were found in any sleep parameter assessed by means of PSG (Table 3, Figure 

4). Heterogeneity, as indicated by I2 , ranging from high to low, was as follows: 0% 

(total sleep time, stage 1 sleep, stage 2 sleep), 13% (REM latency), 44% (wake time), 

56% (sleep efficiency), 60% (sleep onset latency), 79% (REM percentage). Egger’s 

tests were not significant for any outcome, except for a marginally significant value for 

slow wave sleep % (Table 3).

3.4 Bias/Quality of the included studies

A detailed description of the assessment of each item of the Newcastle-Ottawa 

scale for each included study is reported in Supplemental Material 4. The average score 
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was 5.5 (maximum possible score: 9) and scores ranged from 4 to 7. In most instances, 

downgrading was due to selected (convenience) samples (as opposed to representative 

samples) and lack of matching/adjustment for possible confounders, such as psychiatric 

comorbidities, between individuals with and without ADHD. 

3.5 Publication bias

Funnel plots are reported in Supplemental Material 5. In line with the results of 

the Egger’s test, overall they showed no evidence of publication bias.

4. DISCUSSION

This is the first meta-analysis of subjective and objective sleep studies in adults 

with ADHD. Whereas, compared to non ADHD controls, adults with ADHD presented 

with significant differences in the majority of the subjective parameters retained in our 

meta-analysis, they differed from controls only in two actigraphic parameters (sleep 

onset latency and sleep efficiency) and in none of the polysomnographic measures. 

Our results are overall consistent with previous meta-analytic findings in 

children/adolescents. More specifically, regarding subjective findings, significantly 

increased sleep onset latency, daytime sleepiness, higher number of night awakenings in 

adults with compared to those without ADHD, as well as a lack of significant difference 

in sleep duration between the two groups, are similar to the findings from a previous 

meta-analysis in children/adolescents (Cortese et al., 2009). The items “Restorative 

value of sleep”, “Psychosomatic symptoms during sleep onset”, “General sleep 

problems”, “Sleep quality”, and “Sleep efficiency” can not be compared between the 

present meta-analysis and the Cortese et al. one because they were not assessed in the 

previous meta-analysis in children/adolescents. Additionally, significantly longer sleep 



12

onset latency measured via actigraphy was detected both in the present meta-analysis 

and in the previous one in children/adolescents. By contrast, significantly lower sleep 

efficiency and longer stage 1 sleep at the PSG, reported, respectively, in two meta-

analyses in children/adolescents (Cortese et al., 2009; Diaz-Roman et al., 2016), were 

not replicated in the present meta-analysis, albeit findings in children/adolescents were 

close to non-significance (sleep efficiency in children/adolescents in the Cortese et al. 

meta-analysis: SMD: 0.25, 95% CI: 0.03-0.47; stage 1 % in the Diaz-Roman et al. meta-

analysis:  SMD: 0.32, 95% CI: 0.08-0.55). As such, it is possible that the addition of 

future studies would make our results even more similar to those reported in 

children/adolescents. Unfortunately, there were no sufficient data to assess other 

polysomnographic parameters that were identified as significantly different between 

children with and without ADHD in a previous meta-analysis, namely apnea-hypopnea 

index and time to fall asleep at the multiple latency test (MSLT) (Cortese et al., 2009). 

It is not surprising that findings from this meta-analysis were different for 

subjective vs. objective parameters, as these relate to different measures/constructs. 

Overall, our findings might be interpreted according to the “sleep-state misperception” 

phenomenon, described in patients with primary or psychophysiological insomnia, who, 

despite subjective complaints of sleep problems, do not present with any significant 

alteration in polysomnographic parameters (Perlis, Giles, Mendelson, Bootzin, & 

Wyatt, 1997). However, this does not seem completely plausible to explain our 

findings. Indeed, we did find significant differences between adults with and without 

ADHD in two objective, actigraphic parameters, namely sleep onset latency and sleep 

efficiency, which were, respectively, increased and decreased in individuals with 

compared to those without ADHD. Furthermore, the fact that we did not detect any 

significant difference in any of the assessed polysomnographic parameters does not 
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imply that there are no significant differences in polysomnographic parameters between 

adults with and without ADHD. First, we included only outcomes for which at least two 

studies provided data. As such, as mentioned, we could not meta-analyze apnea-

hypopnea index and time to fall asleep at the multiple latency test, that were reported as 

significantly different between children with and without ADHD in a previous meta-

analysis (Cortese et al., 2009). Second, whereas the majority of the studies on 

polysomnographic measures in individuals with ADHD included only the standard 

parameters of sleep macroarchitecture, assessing sleep microarchitecture may provide 

useful insights. For instance, in one study in children with ADHD, although no 

significant differences were found between patients with ADHD and controls in sleep 

macroarchitecture parameters, significant differences did emerge when considering 

cyclic alternating pattern (Miano et al., 2006). Third, it has been shown that sleep 

patterns in individuals with ADHD are underpinned by a high degree of night-to-night 

variability (Gruber, Sadeh, & Raviv, 2000). Whereas such variability is usually 

reflected in subjective questionnaires, it may not be detected in a few nights of PSG. Of 

note, as shown in Table 1, the majority of the PSG studies included in the present meta-

analysis lasted more than one night. Therefore, whereas the first night effect is unlikely 

(only 2 of the retained studies lasted one night), the short length of the retained studies 

might have been not ideal to capture the night-to-night-variability associated with sleep 

patterns in ADHD. 

Two additional factors that need to be taken into account when interpreting 

findings on sleep parameters in individuals with ADHD are: 1) the presence of 

psychiatric comorbidities and: 2) the medication status of the participants. As for 

comorbidities, it has been reported that psychiatric disorders may have opposite effects 

on PSG parameters. For instance, depressive disorder has been associated with a 
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decrease delta power (Riemann, Berger, & Voderholzer, 2001), contrary to what has 

been found in individuals with personality disorders (e.g., Philipsen et al., 2005)). 

Considering that only one study (Sobanski et al., 2008) recruited individuals with 

ADHD without comorbidities, it is possible that the presence of comorbidities in the 

other studies impacted on the pooled estimates in a way that was not possible to assess 

in this meta-analysis, since data were not presented separately, in each study, for 

subjects with and without comorbidities. Of note, whereas, as shown in Table 1, some 

of the studies recruited non ADHD controls, others compared individuals with ADHD 

to healthy controls, so that the presence of comorbidities was not properly controlled for 

in all the included studies. This may have influenced the pooled estimates of the present 

meta-analysis. As for the medication status, although the effects of ADHD medications 

on the subjective and objective sleep parameters is far from being clear (Cortese et al., 

2009; Stein, Weiss, & Hlavaty, 2012), there is evidence that these medications may 

negatively impact on at least some sleep parameters and lead to subjectively reported 

sleep onset delay. In a number of studies included in this meta-analysis (Table 1), 

ADHD medications were stopped one or more days before the sleep assessment. This 

might contribute to explain the discrepancy between positive results for subjective sleep 

parameters (reflecting the participants’ perception of their sleep patterns not necessarily 

limited to the nights without treatment) and negative findings for objective sleep 

measures during the nights with no pharmacological treatment. 

The variability in terms of comorbidities and medication status across studies 

may contribute to explain the high heterogeneity values, indicated by the I2 statistics, 

which was detected for a number of outcomes. In our view, on the one hand, 

heterogeneity in medication status and comorbidity is not an issue when one seeks to 

characterize the subjective sleep complaints of individual with ADHD, because indeed 
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such heterogeneity characterizes patients in the daily practice. On the other hand, in 

order to understand the mechanisms underlying the subjective sleep complaints, it is 

desirable to reduce such heterogeneity and assess groups of participants as 

homogeneous as possible. 

The results of our systematic review/meta-analysis should be considered in the 

light of its strengths and limitations. As for the strengths, we pre-registered the protocol 

in a publicly available repository (PROSPERO), reducing the risk of reporting bias. 

Furthermore, we endeavored to perform a comprehensive and systematic search in 

several databases, with no restrictions in terms of language or document type, and we 

gathered unpublished data from study authors. Additionally, we used a state-of-the-art 

tool, the Newcastle-Ottawa scale, to assess the quality of the retained studies. There are 

also a number of limitations that should be taken into account, which are mostly related 

to the individual studies that we included rather than to methodological issues with our 

systematic review/meta-analysis. First, for some outcomes, only a limited number of 

studies was available. Second, since we meta-analyzed data when outcomes were 

reported in at least two studies, some parameters could not be meta-analyzed. Third, as 

indicated by the I2 values, for some outcomes, heterogeneity in the estimate was large. It 

is possible that the lack of adjustment for psychiatric comorbidities and the variable 

medication status in individual studies might have contributed to such heterogeneity. 

Furthermore, it should be noted that the presence of a formal sleep disorder was not 

exclusionary across all included studies, which may have increased heterogeneity of 

findings. Fourth, since individual studies did not present data separately in males and 

females, we could not assess possible gender effects. Finally, we could not assess the 

impact of ADHD presentation (or, as it used to be referred to in previous DSM editions, 
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“subtype”) because data were not presented separately for each subtype in individual 

studies. 

Future studies should address the limitations that we detected in available 

research reports, particularly in relation to the objective studies. More specifically, we 

deem it important for further objective studies to be conducted in more ecological 

settings (home recordings), over several nights, and to focus not only on sleep 

macroarchitecture, but also on sleep microarchitecture. Furthermore, future studies 

should be conducted in medication naïve samples of adults with and without ADHD 

matched for comorbid psychiatric disorders and other relevant demographic variables. 

Additionally, studies dosing melatonin levels and combining PSG with other imaging 

methods are welcome to gain insight into the pathophysiology of sleep disorders in this 

population.

Therefore, we hope that the present systematic review/meta-analysis will :1) 

highlight, from a clinical standpoint, the importance of a systematic screening of sleep 

complaints in adults referred for ADHD assessment, focusing in particular on the 

parameters that we detected as significantly different between adults with and without 

ADHD, namely sleep onset latency, psychosomatic symptoms during sleep onset, sleep 

quality and efficiency and daytime sleepiness; 2) from a research standpoint, help 

shaping the next generation of sleep research in ADHD, to better understand if and to 

which extent subjectively reported sleep complaints are underpinned by objective sleep 

alterations. This, in turn, will support the development of pathophysiologically based 

effective interventions strategies for sleep disturbances in adults with ADHD, thus 

reducing the burden of this disorder. 
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FIGURE LEGENDS

Figure 1. Flow Diagram of Selection Process. a Reasons for the exclusion of these 

studies are listed in the Supplemental Material 3. 

Figure 2. Forest Plot of the Standardized Mean Differences (SMD) Obtained for 

Subjective Sleep Parameters. IV, inverse variance method; Fixed, fixed-effects model; 

CI, confidence interval; Chi2, heterogeneity test; df, degrees of freedom; I2, 

heterogeneity index; Z, test for overall standardized mean difference; ADHD, attention 

deficit hyperactivity disorder.

Figure 3. Forest Plot of the Standardized Mean Differences (SMD) Obtained for Sleep 

Parameters Measured With Actigraphy. IV, inverse variance method; Fixed, fixed-

effects model; CI, confidence interval; Chi2, heterogeneity test; df, degrees of freedom; 

I2, heterogeneity index; Z, test for overall standardized mean difference; ADHD, 

attention deficit hyperactivity disorder.

Figure 4. Forest Plot of the Standardized Mean Differences (SMD) Obtained for Sleep 

Parameters Measured With PSG. IV, inverse variance method; Fixed, fixed-effects 

model; CI, confidence interval; Chi2, heterogeneity test; df, degrees of freedom; I2, 

heterogeneity index; Z, test for overall standardized mean difference; ADHD, attention 

deficit hyperactivity disorder.










